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ABSTRACT
Simultaneous flow of gas and liquid, generally termed two-phase flow, is often 
encountered in the chemical, pharmaceutical, and petroleum industries. Annular flow, in 
which the gas phase flows through the channel center and the liquid moves up along the 
wall, is a common flow pattern in two-phase flow and occurs when the gas velocity is 
very high. The gas phase also carries liquid droplets as an entrained phase.
Estimation of pressure drop across a flow channel is often required for analysis 
and design of the system. Frictional pressure gradient is the major contributor to total 
pressure gradient during annular two-phase flow, often accounting for more than 90% of 
the total pressure drop. However, the chaotic nature of this flow regime causes difficulty 
in predicting the friction factor needed to calculate the frictional pressure gradient.
Three correlations are available to estimate friction factor during annular two-phase 
flow. These are the Wallis correlation, the Whalley-Hewitt correlation, and the Henstock- 
Hanratty correlation. This study has found that there large errors in pressure gradient 
calculations when using the correlations as compared with experimentally measured 
pressure gradient. The predicted gradients, obtained using the three correlations, were 
compared with several sets of experimental data. The results show that the Whalley- 
Hewitt correlation provides the best agreement,but the predictions vary by about 30%
xi
from pressure gradients measured experimentally. The Wallis and Henstock-Hanratty 
correlations are about 40% and 100% in error, respectively. Modification of the Whalley- 
Hewitt correlation was considered, and the relationships between the flow parameters and 
the estimation errors were examined. However, the variation between the predicted and 





Two-phase flow is defined as the simultaneous flow of two phases, which can be any 
combination such as liquid-liquid flow, liquid-solid flow or liquid-gas flow. However, the 
most common examples of two-phase flow in the petroleum and chemical process 
industries are liquid-gas flow and liquid-liquid flow, which occur in pipelines and in oil 
and gas wells. Depending on the fluid characteristics and flow rates, flow patterns in 
two-phase flow may be bubbly, slug, churn and annular, as shown in Figure 1 This study 
is concerned with liquid-gas annular flow.
Annular flow in a cylindrical pipe occurs when the gas flow rate is very high and the 
void fraction (in-situ gas volume fraction) has reached a particular level, usually over 
90%. Gas flows through the center of the pipe, forming a gas core, while liquid flows 
along the pipe wall as a film. The interface between the liquid film and the gas core is 
wavy and the gas core contains liquid droplets. Figure 2 shows the figure of the annular 
flow. The chaotic nature of the flow regime causes difficulty in predicting the friction 
factor needed to calculate the frictional pressure gradient. Accurate calculation of the 
frictional pressure gradient is very important for annular two-phase flow because this 
component often accounts for more than 90% of the total pressure gradient.
1
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Although research in annular flow has been conducted during the last 40 years and 
some theoretical understanding of the flow phenomena has been achieved, pressure drop 
estimation is still not very accurate. Currently, three correlations are available to estimate 
friction factor during annular flow. These are the Wallis correlation, the Whalley-Hewitt 
correlation and the Henstock-Hanratty correlation
The specific objectives of this research are: 1) to test the accuracy of three currently 
available friction factor correlations by comparing the results obtained using them with 
experimental results from several different data sets; 2) to examine the variation of the 
calculation errors with various parameters; 3) to modify the best correlation in order to 




Figure 1. Flow Patterns in Two-Phase Flow
4
Figure 2. Annular Flow
CHAPTER 2
LITERATURE REVIEW
2.1 ^orne Concepts and Definitions
Multiphase flow as a whole encompasses a set of very complicated flow systems. As 
the flow characteristics change, the flow exhibits different patterns. Thus, different 
theories are needed to explain the phenomena and different mode!* are required for 
pressure drop predictions. There are four flow patterns in two-phase flow; they will be 
discussed in detail later. First let us talk about some flow parameters which can describe 
or define a flow pattern.
Void Fraction Eg: Eg is the fraction of the channel volume occupied by the gas. It 
is a very important flow parameter which can be used to identify flow patterns. In bubbly 
flow, Eg is usually less than 0.25, except in dispersed bubbly flow where the turbulence 
tends to break up the larger bubbles. For slug and churn flow, Eg is usually between 0.25 
and 0.52. When Eg exceeds 0.52, the annular flow pattern may appear.
Superficial Velocity: Superficial velocity of any phase is defined as the volumetric 
flow rate of the phase divided by the total cross sectional area of the pipe. Vsl is the 
superficial liquid velocity; Vsg is the superficial gas velocity. Superficial velocity is
5
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usually used in multiphase flow calculations because in situ velocity is very difficult to 
measure or estimate.
Flow Pattern: In multiphase flow, different flow patterns are observed depending 
on the flow characteristics, such as the fraction of each phase, the relative velocities of 
the phases and the shape of the interface between phases. Usually, the flow is divided into 
four different patterns:
Bubbly Flow: This flow pattern occurs at low gas flow rate and low void fraction, 
normally less than 0.25. Gas flows in the pipe as distributed bubbles.
Slug Flow: As both the gas flow rate and void fraction increase, small bubbles tend 
to combine to form bigger bubbles, called Taylor bubbles, which are separated by liquid 
slugs.
Churn Flow: When the gas flow rate continues to increase, the interaction between 
the Taylor bubble and the liquid will gradually reach a condition at which the Taylor 
bubble breaks up. That is the point at which slug flow transforms into churn flow.
Annular Flow: At very high gas flow rates annular flow appears in which the gas 
flows through the center of the pipe forming a gas core while the liquid flows along the 
pipe wall as a film. Void fraction in annular flow is usually over 0.90. Annular flow is 
a much more complicated flow pattern than the others.
2.2 Pressure Gradient Estimation in Two-phase Flow
Estimating pressure gradient is a very significant issue in multiphase flow. In two-
phase flow, the total pressure gradient is represented by three components: frictional
7
gradient, potential gradient or static head, and accelerational gradient or kinetic head. 
Depending on the flow pattern, the individual components of the pressure drop may make 
different contributions to the total pressure drop. For instance, the potential gradient is the 
biggest contributor in bubbly flow, making up about 90% of the total pressure drop. 
However, often more than 90% of the total pressure gradient is contributed by the 
frictional gradient in annular flow.
The general equation for the pressure gradient is written as follows:
[ f i r  - i f  I H f  l » * l f 1, ( 1 )
or
-P-P = ^ L ^ ” + PmSin eJL + J ^ dVm
dz Q P 3c 9c &
( 2 )
where
'm ~ Ppg+ P/0 ~Eg) (3)
(4)
L  = 0.079(Dl/m—)'025 (5)
The terms on the right in Equation 2 represent the frictional, potential and 
accelerational gradient, respectively. The x in Equation 4 is the mass fraction of the gas 
phase (or lighter phase) in two-phase flow.
8
Values for the various flow parameters vary depending on the flow pattern Not only 
the value of the parameter changes, but so does the estimation method, which influences 
the pressure gradient. Next, we will discuss the flow parameter calculations for annular 
flow since our work concentrates on this flow pattern.
2.3 Annular Flow
2.3.1 Transition From Churn Or Slug Flow To Annular Flow:
When the gas velocity is very high, gas will flow through the central core of the tube 
and liquid will flow along the tube wall as a film. The liquid film and the gas core form 
an annular configuration, which leads to the name annular flow. For gas-liquid flow, the 
transition to annular flow occurs under the following condition, (Taitel et al., 1980),
vv > ( 6 )
The transition condition means that the gas flow rate must be high enough to cause the 
liquid to flow upward with it. Research by Hewitt and Roberts (1969) suggests that the 
transition is not affected by the liquid flow rate.
2.3.2 Pressure Drop Calculation In Annular Flow
In annular flow, the liquid film forms a wavy interface with the gas core. Inside the
gas core, there are some liquid droplets carried by the gas. In order to simplify the
9
situation, two assumptions were made. First, it was assumed that the gas core and the 
included droplet liquid are the only fluid which will be dealt with, and the liquid film 
along the pipe wall is just a part of the pipe. Thus, we consider essentially single-phase 
flow in which the diameter of the gas core is approximately equal to the pipe diameter. 
The second assumption is that the liquid droplets have the same velocity as the gas in the 
core. Under this assumption, the density of the gas core can be estimated as:
Pc = EflcPtf + (1_£fl> / (7)




V + E V ,v sg si
( 8 )
E in Equation 8 is the mass fraction of the total liquid flow that is being carried as liquid 
droplets in the gas core. The value of E is represented by the following equations used 
by Hasan and Kabir (1988) to fit the data presented by Wallis and Steen (1964),
E = 0.0055(104( Vag) f M if 104( Vsa) < 4  (9)
E = 0.857log[104( Vsg)A - 0.20 if 104( Vsg)c> 4 (10)
The gas critical velocity is given by:
10
= ĝ g
(pJ p^ ( 11 )
Using the .is law for the gas core in annular flow allows us to rewrite Equation 2 
for pressure gradient in annular flow as follows,
dp _ J r  
dz gcl
v y 20Pc Pĉ sinO
1 r t f
p9c
-l ( 1 2 )
In Equation 12, f, is the interface friction factor, which is a very important parameter for 
mlar flow because the waved interface causes a very high frictional gradient. Three 
correlations are currently available to estimate the friction factor. They are:
= 1 + 75(1 -Eg) Wallis Correlation (13)
'g
— = 1+6(1 -E„){—)1/3 Whalley-Hewitt Correlation (14)
fg Pg




[{0.707R ĵ5)2 5 + (0.0379/?*9)]0'
?o.s
'eg
P/ |  Pflj0.5
V-a Pi
(16)
In calculating the annular flow pressure drop, we use f; /fg as one parameter which will 
be discussed in detail later, f, and fg are the interface friction factor and the gas phase 
friction factor, respectively. An approximate estimate of Eg in Equations 13 and 14 may 
be made using the separated flow model (Wallis 1969),
Eg = (1+X°-8) 0-378 (17)
The Lockhart-Martinelli parameter, X, is given by,
x = ( 1 p g)0.5( 19)0.1




Pressure drop in multiphase flow may be estimated using three different approaches; 
the homogeneous model, the separated flow model, and a flow pattern based model.
3.1 Homogenous Model
The homogenous model provides the simplest method to estimate pressure drop in 
multiphase flow systems. In the homogenous model, a very important assumption is that 
the phases are mixed perfectly. As a result, the flow can be treated as single phase flow, 
and the flow parameters can be estimated easily.
Since there is no velocity difference between the phases, void fraction can be 








_op_F  = _m _!l Frictional Gradient (20)
P n 3P
-~~_H = p^\nQ(gjg^ Potential Gradient (21)
2
A = —  Accelerational Gradient (22)
In Equation 23, vm(=l/pm), the specific volume, is represented as:
vm = (23)
The mixture friction factor fm can be estimated using the following equation:
fm = 0.079(/?eJ '° '25 for smooth pipe (24)
Since, under most conditions, the phases are not perfectly mixed, the homogenous 
model does not work well in most instances.
3.2 Separated Flow Model
In the separated model, the more reasonable assumption that the two phases are 
separated and flow at different velocities is made. Although the specific volume of the 
mixture is given by the same expression (Equation 23) as in homogenous model, a new
14
expression for void fraction is needed because of the difference in velocities of the two 
phases.
Eg = (1 +X°-8)-°-378 ( 25)
The Lockhart-Martinelli parameter, X, is given by,
X2 =
^ F ) ,
'  dz "
M r
'  d z >B
(26)
and, for turbulent flow of both phases, Equation 18 also applies. 
The accelerational pressure gradient is:





") - 9C dz
(27)
The potential pressure gradient is given by the same expression as in the homogenous 
model. The frictional pressure gradient is calculated using the two-phase friction multiplier
- f F  - ( - %  f)*? - ^ 0 ?
dz dz Dgc
(28)
Equation 28 says that the liquid phase frictional pressure gradient multiplied by the liquid 
two-phase friction multiplier is equal to the total frictional pressure gradient. In a similar
15
manner, the total frictional pressure gradient can be estimated using the gas two-phase 
friction multiplier <J>g2. The two-phase multipliers are represented by the Chisholm 
correlation ( Chisholm 1969),
<|>! = 1 + CX+X2 (29)
and
<J>? = 1 + —+ —  (30)
1 X  x 2
In Equations 29 and 30, the value of the parameter C depends on the flow 
characteristics and usually varies from 5 to 20. The more turbulent the flow, the higher 
the value of C. Hasan and Rhodes (1983) suggested the following correlation for C:
C = 3.128(G7C3)a36( p / p / 262 ( 31)
where
G ' = 1.47*10® Ibjhr-ft2 (32)
Altnough the separated model is more accurate than the homogenous model, 
determining a reliable value for <!>,, especially in the annular flow regime, is questionable 
because the model neglects interaction between the phases.
3.3 Flow Pattern Approach
16
Four flow regimes are commonly encountered in two-phase flow. As shown in Figure 
1, the different flow patterns have their own flow geometries and flow characteristics. It 
is not difficult to understand that various flow parameters, such as void fraction, in each 
flow geometry are better represented by expressions specific to that flow regime.
The complex nature of annular flow poses difficulty in reliably determining pressure 
drop especially in predicting the friction factor used to determine the frictional pressure 
gradient. Therefore, a special calculation method for annular flow needs to be developed.
3.4 Model For Annular Flow
From the geometry of annular flow, it is clear that the flow is made up of two parts: 
the liquid film and the gas core. The interface between the liquid film and the gas core 
is highly disturbed, which leads to the difficulty in estimating the friction factor. In 
addition, the gas core contains some liquid droplets, so it is not a single phase. In order 
to simplify the situation, three assumptions are made:
1) There is no gas in the liquid film.
2) The liquid film is treated as part of the pipe wall, and only the flow of the gas 
core is considered.
3) The velocity of the liquid droplets in the gas core is equal to the velocity of the 
gas.
Using these assumptions, we can concentrate only on the gas core. The density of the 
gas core can be represented by the following equation:
17
Pc ĵjcPc + 0 ~ P / (33)
and the void fraction of the gas core is written as:
where E is the fraction of the total liquid flow that is travelling as droplets in the gas 
core.
The main difference between this model and the separated flow model is the 
consideration of the effects of interface velocity and entrainment on the interfacial shear 
stress. The relationship between the shear stress and the flow velocities is shown by the 
following empirical equation:
(35)
where pc can also be given by:
(36)
The ratio of the gas phase velocity to the liquid phase velocity can be expressed in terms 
of the mass quantity and the void fraction:
18
%  - ( A h - h^ )Vf ^-X Pg Eg
(37)
Applying these expressions to the gas phase multiplier in the simple two-phase flow 
model, we get the following equation:
^ w [ Hr2.5“ W 1 -^  P / ^
(38)
The Equation 38 can also written as:
<>* = ( 1 -E, (39)
S fl
where f, is the interfacial friction factor which can be calculated using one of the 
empirical correlations. As previously mentioned, three correlations are available to 
estimate the mterfacial friction factor.
CHAPTER 4
CALCULATION PROCEDURE OF THE NEW MODEL
4.1 Previous Calculations
The total pressure gradient has three components: the potential gradient, the frictional 
gradient and the accelerational gradient. The magnitude of the accelerational component 
is usually very small and can be neglected, and the potential gradient contributes about 
10% of the total pressure gradient. The frictional component is most important in annular 
flow and contributes about 90% of the total pressure gradient. Thus, accurate estimation 
of this term is very important. The friction factor, f, is the most important parameter, and 
accurately estimating its magnitude is very difficult because of the disturbed interface 
between the two phases.
In order to calculate the frictional pressure gradient, we introduce two-phase flow 
multipliers, <J>lf2 and Ogc2, similar to <l>|2 introduced in Chapter 3.









The left hand sides of Equations 41 and 42 represent the liquid film friction gradient and 
the gas core friction gradient, respectively.
The gas phase multiplier can be obtained using the Chisholm equation which is given 
by Equation 31






VsgPg+ V s lP lE
'bc ~ u  +FV  
vsg c  vsl
(45)
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Gc = Gg + EGi (46)
fgc = 0.079 Rggc (47)
The liquid phase frictional multiplier can be calculated by taking the ratio of (dP/dZ)F 
and (dP/dZ)n,
If there were no gas in the liquid film, the liquid frictional multiplier can be approximated 
as:
Therefore, if the liquid entrainment in the gas core is neglected, the liquid frictional 
multiplier, O,2, will be the same as the two-phase liquid film frictional multiplier, <£,f2. 




Equation 50 allows a preliminary estimate of the void fraction, E . Then, using one of the 
correlations, such as the Whalley-Hewitt correlation, we get the interfacial friction factor:
Now, we are ready to more accurately estimate the gas phase multiplier. As discussed 
earlier, the gas phase multiplier is related to the flow parameters and is given by 
Equation 39.
4.2 Iterative Solution Method
Because of the inte dependence of Og, <3>c, Eg) and fh we use an iterative solution 
method to calculate the frictional pressure gradient. First, we add an adjustable factor, Fc, 
to the frictional gradient calculation:
j  = 1+6(1 -£Q (-^ (51)
(52)
By adjusting the value of Fc, the values of the frictional gradient in each iteration can be
compared. Convergence is usually achieved in three iterations (see appendix).
Each iteration starts with Equation 50 and ends with the frictional pressure drop 




.2, dP ■. 4>c( w (53)
After the potential gradient and the accelerational gradient are estimated, the total 
pressure gradient can be calculated using Equations 22 and 23 for the two components. 
Combining the three terms, we arrive at the following equation:
dP 1 ^ F+PSinapc(— )r = — I— --------------- 1dz,T gcl
1 - P cK
p 9 c
(54)
which completes the calculation. We selected seven data sets (see Table 1 and Appendix 
B) to perform the estimation using the above procedure. Five of the seven data sets were 
used to estimate both pressure gradient and void fraction. Only void fraction was 
estimated for another two data sets, since there were no experimental pressure drop data




The two important objectives of this work are to determine the predictive accuracy 
of the three correlations and to modify the best candidate correlation. In the first part of 
this chapter we discuss the pressure drop and void fraction predictions for each of the 
three correlations. In the second part, the modification work is presented.
Seven sets of data from literature were used to determine the predictive accuracy of 
the friction factor correlation. These are Mukherjee air-kerosene data (Mukherjee 1979), 
Mukherjee air-lube oil data (Mukherjee 1979), Beggs air-water data (Beggs 1972), 
Caetano air-kerosene data (in an annulus) (Caetano 1984), Caetano air-water data (in an 
annulus) (Caetano 1984), Fuentes air-water data (Fuentes 1968) and Ney air-water data 
(Ney 1968). Table 1 shows the parameter range for each data set. We used all three 
correlations, as shown in Chapter 2, which gave predicted values for void fraction and 
pressure gradient, and then compared the results with corresponding experimental data and 
analyzed the errors.
5.1 Comparing The Correlations With Each Data Set:
24
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Figure 3 to Figure 7 show comparison of the calculated pressure drop with 
experimental data. From both the Mukherjee data and one of the Caetano data (air- 
kerosine) sets, (Figures 3, 4 and 6 respectively), it is clear that the Whalley-Hewitt 
correlation provides the best agreement with the experimental results, although the 
accuracy of the Wallis correlation is close to that of the Whalley-Hewitt correlation. The 
Henstock-Hanratty correlation is the poorest predictor. Figure 5 shows that the average 
error of predictions from the Henstock-Hanratty correlation is least for the Beggs data. 
The reason for that is not clear. Figure 7 shows that for the Caetano data (air-water), the 
Wallis correlation is slightly better than the Whalley-Hewitt correlation, the Henstock- 
Hanratty correlation is the poorest.
Figures 8 to 14 compare the calculated void fraction with corresponding experimental 
data. Except for the Beggs data, all of the data sets indicate that the estimations using the 
Whalley-Hewitt correlation agree most closely with the experimental data. The Wallis 
correlation is very close to the Whalley-Hewitt correlation for the Fuentes and Ney data. 
When considering the overall estimation results of both pressure drop and the void 
fraction, it appears that the Whalley-Hewitt correlation is the best predictor.
5.2 Statistical Analysis of the Results
5.2.1 Pressure Drop Estimation
Various statistical measures (average error, percentage error and standard deviation) 
of the prediction accuracy for each of the three correlations for each data set are shown
26
in Table 2. It clearly indicates that overall predictions using the Whalley-Hewitt 
correlation have the least deviation from experimental values, the least average errors, and 
the least percentage errors. The average errors from the Wallis correlation is 0.031 It is 
0.105 from the Henstock-Hanratty correlation and only 0.027 from the Whalley-Hewitt 
correlation. The average percentage errors from the three correlations are 41%, 136% and 
34%, respectively. The average standard deviations are 0.073, 0.124 and 0.062 
respectively. Figures 15, 16 and 17, which present these results graphically, are based on 
the data from Table 2. Table 2 and the Figures 15-17 also show that for the Beggs and 
Caetano data (air-water), although the standard deviations are the least using the Whalley- 
Hewitt correlation, the percentage errors are not the least.
5.2.2 Void Fraction Estimation
From the Figures 18, 19 and 20 as well as Table 2, we can see that, for each data 
set, the statistical results are very close for all three correlations. For all the data sets, the 
average standard deviations for each correlation are almost the same: 0.034 from the 
Wallis correlation, 0.035 from the Whalley-Hewitt correlation and 0.034 from the 
Henstock-Hanratty correlations. The average errors and the average percentage errors 
from the three correlations show that Whalley-Hewitt correlation is slightly better than the 
two other correlations. The average errors are 0.030, 0.029 and 0.037 while the average 
percentage errors are 3.45, 3.32 and 4.22, from the Wallis, the Whalley-Hewitt and the 
Henstock-Hanratty correlations, respectively. The overall result is that the Whalley-Hewitt
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correlation performs best among the three correlations, which agrees with the results 
obtained from pressure gradient estimation.
All three correlations performed about the same for the Gaetano data for flow through 
an annulus as they did for flow through circular channels. Thus, the same model for flow 
through circular channels seems to be applicable to annuli. For flow through an annular 
pipe, the Whalley-Hewitt correlation performed the best.
5.3 Modifications
As mentioned before, three correlations are available for estimating the frictional 
pressure gradient. However, even for the best correlation, predictions appear to be at least 
30% in error, which is not satisfactory. We have determined that the Whalley-Hewitt 
correlation is the best candidate for modification because it most closely predicts the 
experimentally measured pressure drop. Therefore, our modification attempts were 
concentrated on this correlation.
The correlation itself is not complicated, but finding a way to modify it was not 
obvious. By studying all the calculation results, we noticed that the prediction 
underestimates in some instances and overestimates in others. Therefore, simply adjusting 
the numbers in the correlation is not a suitable approach.
5.4 Parameters Affecting the Calculation Accuracy
Considering that the parameters may affect the calculation accuracy, we tested the
relationship of pressure, temperature, superficial gas velocity and superficial liquid
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velocity on the calculation errors, to see if there were any patterns. Plotting the parameters 
with the errors showed no apparent regular relationship. Figure 21 - Figure 40 are the 
graphs from all data sets. Since the graphs show that the relationship between the 
parameters and the errors appear to be random, there does not appear to be any way to 
improve the prediction accuracy by adjusting the parameters
5.5 Interfacial Velocity
The disturbed interface of the liquid film and gas core is a very important 
characteristic of annular flow. The disturbance is caused by the velocity difference of the 
two phases, or the so called interfacial shear stress. Considering the effect of the 
interfacial shear stress, Wallis (1969) suggested an assumption that the interface velocity 
is twice the mean film velocity. Under this assumption, the shear stress correlation should 
be written as:
then, the corresponding gas phase multiplier correlation is written as.
(56)
This assumption may not be particularly good. Our results indicate that the interface
velocity is not necessarily twice the mean liquid velocity Indeed, the value may be any
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number between 1 and 2. It can not be less than 1, since the interface velocity should not 
be less than the liquid film velocity. The calculation examples in Appendix C show that 
regardless of the ratio of the velocities - 2, 1.5 or 1 - the calculation results remain
almost the same. However, when the value 2 is used, the calculation factor F̂ . adjusted 
to match the frictional gradients appears unusually large (positive or negative). That made 
the calculation even more complex; in other words, more trial-and-error must be involved 
in order to reach the match. But, if a smaller number is used, the adjustments are easier. 
Finally, we chose the value 1 as a reasonable number, which means that the interface 
velocity is the same as the mean liquid film velocity. That is possible, when the gas 
velocity is very high and liquid film is very thin.
Table 1. Data Sets





SOURCE P (psi) T (F) Vsg (ft/s) Vsl (ft/s) D (in)
Mukherjee (1) 46.7 - 85.4 45-114 35.10-89.98 0.09 -1.84 1.5 cylindric air - kerosine
Mukherjee (2) 47.7-66.9 47-80 13.35-66.92 0.09 - 0.91 1.5 cylindric air - lube oil
Beggs 66.0 - 98.0 50-87 44.20 - 75.71 0.07 - 2.56 1.5 cylindric :<!' - water
Caetano (1) 40.6 - 53.7 39-68 23.16-73.90 0.01 - 1.96 OD=3 ID = 1.6 annular air - kerosine
Caetano (2) 40.6 - 54.4 74-92 26.54 - 74.97 0.01 - 1.80 OD=3 ID = 1.6 annular air - water
Fuentes 17.3 - 24.2 0.092 - 0.129 * 53.70 - 73.00 0.17 - 0.67 1.0 cylindric air - water
Ney 15.0-18.0 50-87 47.30- 145.70 0.24 - 2.41 0.5 cylindric air - water
The number is density of the gas phase (Ib/ft3)
Table 2. Statistical Results of Pressure Gradient Estimation













Mukherjee (1) 0.057 75.800 0.065 0.038 54.300 0.053 0.172 232.900 0.116
Mukherjee (2) 0,022 43.400 0.046 0.012 25.700 0.033 0.050 95.200 0.076
Beggs 0.018 17.960 0.099 0.035 28.600 0.080 0.016 17.600 0.101
Caetano (1) 0.040 47.380 0.083 0.025 33.820 0.068 0.187 236.800 0.201
Caetano (2) 0.017 24.050 0.071 0.023 30.780 0.065 0.102 109.350 0.124
Average 0.031 41.720 0.073 0.027 34.640 0.062 0.105 138.370 0.124
Table 3. Statistical Results of Void Fraction Estimation













Mukherjee (1) 0.027 2.900 0.022 0.022 2.420 0.023 0.036 3.900 0.022
Mukherjee (2) 0.057 6.600 0.035 0.048 5.640 0.036 0.070 8.100 0.035
Beggs 0.009 1.010 0.033 0.018 1.970 0.036 0.009 0.920 0,033
Caetano (1) 0.026 2.830 0.033 0.019 2.110 0.034 0.041 4.540 0.030
Caetano (2) 0.048 5.430 0.046 0.043 4.880 0.041 0.061 6.860 0.038
Fuentes 0.008 0.900 0.020 0.009 0.990 0.021 0.017 1.810 0.020
Ney 0.026 3.100 0.054 0.029 3.370 0.057 0.034 4.040 0.049























ANNULAR FLOW PRESSURE GRADIENT
Mukherjee Air-Kerosine Data
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ANNULAR FLOW PRESSURE GRADIENT
Mukherjee Air-Lube Oil Data
■ Wallis + W- H *  H - H
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ANNULAR FLOW PRESSURE DROP
Beggs Air-water Data
Wallis *  W-H + H-H























ANNULAR FLOW PRESSURE GRADIENT
Caetano Air-Kerosine Data
*  Wallis *  W - H  +  H - H























ANNULAR FIDW PRESSURE GRADIENT
Caetano Aii^Water Data
■ Wallis *  W-H + H- H
















ANNULAR FLOW VOID FRACTION
Mukherjee Air-Kerosine Data
»  Wallis *  W-H + H-H
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ANNULAR FLOW VOID FRACTION
Mukherjee Aii^Lube Oil Data
■ Wallis + W-H *  H - H
















ANNULAR FLOW VOID FRACTION
Beggs air-water data
Wallis *  W-H + H - H
















ANNULAR FLOW VOID FRACTION
Caetano Air-kerosine Data
■ Wallis *  W -  H + H - H
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ANNULAR FLOW VOID FRACTION
Caetano Air-Water Data
■ Wallis *  W-H + H - H
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ANNULAR FLOW VOID FRACTION
Fuentes Air-Water Data
«b Wallis *  W - H + H-H
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Figure 15. Statistical Analysis of Pressure Drop Estimation Results (Average Error)
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PRESSURE DROP ESTIMATION
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Figure 18. Statistical Analysis of Void Fraction Estimation Results (Average Error)
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Mukh(l) Beggs Fuentes Ney Annu(l) Annu(2)
Data set

















Mukh(l) Fuentes Ney 
Data set
Annu(l) Annu(2)


















45 50 55 60 65 70 75 80 85 90
Pressure (psi)
PRESSURE DROP ESTIMATION ERROR
W-H Correlation (Mukherjee Data 1)
Figure 21. Pressure vs. Pressure Drop Estimation Error (Mukherjee Data 1)
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PRESSURE DROP ESTIMATION ERROR
W-H Correlation (Mukherjee Data 2)
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Figure 22. Pressure vs. Pressure Drop Estimation Error (Mukherjee Data 2)
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Figure 23. Pressure vs. Pressure Drop Estimation Error (Beggs Data)
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PRESSURE DROP ESTIMATION ERROR
W-H Correlation (Caetano Data l)
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Figure 24. Pressure vs. Pressure Drop Estimation Error (Caetano Data 1)
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W-H Correlation (Caetano Data 2)
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Figure 25. Pressure vs. Pressure Drop Estimation Error (Caetano Data 2)
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W-H Correlation (Mukherjee Data l)
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Figure 27. Temperature vs. Pressure Drop Estimation Error (Mukherjee Data 2)
4*
58
PRESSURE DROP ESTIMATION ERROR
W-H Correlation (Beggs Data)
Temperature (F)













35 40 45 50 55 60 65 70
Temperature (F)
PRESSURE DROP ESTIMATION ERROR
W-H Correlation (Caetano Data 1)









72 74 76 78 80 82 84 86 88 90 92
Temperature (F)
PRESSURE DROP ESTIMATION ERROR
W-H Correlation (Caetano Data 2)
Figure 30. Temperature vs. Pressure Drop Estimation Error (Caetano Data 2)
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Figure 32. Superficial Liquid Velocity vs. Pressure Drop Estimation Error
(Mukherjee Data 2)
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W-H Correlation (Beggs Data)
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Figure 34. Superficial Liquid Velocity vs. Pressure Drop Estimation Error
(Caetano Data 1)
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W-H Correlation (Caetano Data 2)
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Figure 36. Superficial Gas Velocity vs. Pressure Drop Estimation Error
(Mukherjee Data 1)
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W-H Correlation (Mukherjee Data 2)
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Figure 37. Superficial Gas Velocity vs. Pressure Drop Estimation Error
(Mukherjee Data 2)
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W-H Correlation (Beggs Data)
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Figure 38. Superficial Gas Velocity vs. Pressure Drop Estimation Error
(Beggs Data)
69
PRESSURE DROP ESTIMATION ERROR
W-H Correlation (Caetano Data l)
Vsg (ft/s)
Figure 39. Superficial Gas Velocity vs. Pressure Drop Estimation Error
(Caetano Data 1)
70
PRESSURE DROP ESTIMATION ERROR
W-H Correlation (Caetano Data 2)
50 55
Vsg (fl/s)




1) The Whalley-Hewitt correlation provides the best prediction for pressure gradient 
estimation, albeit with an average error of 30%. The Wallis correlation is somewhat close 
to the Whalley-Hewitt correlation; the average error is about 40% The Henstock-Hanratty 
correlation is the most complicated and the least accurate; its average error is over 100%.
2) The correlations cannot be modified by simply adjusting the constants or the 
parameters in the correlation since the errors in predictions appear to be random and 
unbiased. Basic flow parameters, such as pressure, temperature, superficial gas velocity 
and superficial liquid velocity do not affect the accuracy of the pressure drop.
3) The model for annular flow pressure drop can be used for gas-liquid flow in both 
cylindrical pipes and annular spaces. Generally, we would expect to need a different 
model for flow through an annulus because there are two fluid-solid interfaces. However, 
as our calculations indicate, the model presented in this work appears to represent data 
for both annuli and circular pipes. The only difference is the consideration of the pipe 
diameter.
4) The interface velocity is not necessarily twice the mean liquid film velocity. It 






C Parameter in Chisholm correlation, dimensionless.
D Pipe diameter, ft, in
dP/dZ Pressure gradient, psi/ft.
dP/dZA Accelerational component of the total pressure gradient, psi/ft. 
dP/dZF Frictional component of the total pressure gradient, psi/ft.
(dP/dZF)lf and (dP/dZF)gc are the liquid film and the gas core frictional gradients. 
dP/dZH Potential component of the total pressure gradient, psi/ft.
E Entrainment factor, dimensionless.
Eg Gas void fraction, dimensionless.
Egc Gas core void fraction, dimensionless,
f  Friction factor, dimensionless,
fj Interface friction factor, dimensionless.
fg Gas core friction factor, dimensionless.
Fc Factor for iteration estimation, dimensionless, 
g Acceleration due to gravity, ft/sec2.
gc Conversion factor, 32.2 lbmft/lbfs2.
G Mass flux -  mass flow rate / total cross-sectional are , lbm/ft2s.
Gc Gas core mass flux, lbm/ft2s.
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Gg Gas mass flux, lbm/ft2s
G, Liquid mass flux, lbm/ft2s.
Gm Two-phase mixture mass flux, lbm/ft2s.
P Pressure, psi.
Q Volumetric flow rate, ft3/sec. Qg and Q, are the gas and liquid volumetric flow rate. 
Rs Reynolds number, dimensionless.
Rcc Gas core Reynolds number, dimensionless.
Rclf Liquid film Reynolds number, dimensionless.
T Temperature, °F.
V In situ velocity of any phase, ft/sec.
Vm Superficial velocity of the mixture, ft/sec.
Vsg Superficial gas velocity, ft/sec.
Vsl Superficial liquid velocity, ft/sec.
v Specific volume = 1/p, ft3/lbra.
W Mass flow rate, lbm/sec.
X Lockhart-Martinelli parameter, dimensionless,
x Mass fraction of the gas phase, dimensionless.
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Greek Letters
Fluid viscosity, cp. 
p Density, lbm/ft3.
pg Gas density, lbm/ft3.
p, Liquid density, lbm/ft3.
pm Two-phase mixture density, lbm/ft3.
O Surface tension, lbm/sec2.
x, Two-phase interface shear stress. lbm/sec2ft.
<bg Two-phase friction multiplier, based on liquid phase flowing alone in the channel, 
dimensionless.

































































Mukherjee Data (air-lube oil) d = 1.5 in
Vsl V s g P T Eg,exp dP,exp
ft/s ft/s psi oF psi/ft
0.36 30.73 51.9 80 0.94 0.039
0.09 19.84 50.9 63 0.91 0.024
0.09 18.75 49.4 55 0.90 0.037
0.09 13.35 47.7 54 0.82 0.037
0.09 15.57 50.2 53 0.85 0.034
0.91 45.78 60.4 71 0.84 0.072
0.91 66.92 66.9 71 0.91 0.097
0.09 28.88 56.4 66 0.92 0.021
0.09 38.09 55.9 47 0.96 0.020
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0.515 58.1 66 66 0.953 0.110
1.885 62.0 80 61 0.914 0.300
2.155 47.1 76 58 0.881 0.260
0.075 48.6 88 80 0.982 0.029
0.354 47.3 90 83 0.956 0.049
0.082 53.2 93 64 0.981 0.062
0.492 55.5 66 61 0.953 0.100
1.353 59.1 81 54 0.919 0.230
Caetano Data (air-kerosine) ID = 1.65in OD=3in
Vsl Vsg P T Eg,exp dP,exp
ft/s ft/s psi oF psi/ft
0.010 25.35 40.6 68 0.97 0.046
0.066 25.22 40.6 61 0.93 0.012
0.010 27.05 40.6 50 0.97 0.027
0.341 25.69 42.05 48 0.88
0.653 24.47 43.5 48 0.86
0.010 24.47 40.6 59 0.96
0.335 23.16 42.05 55 0.88
0.652 36.62 43.5 61 0.89
0.981 35.93 43.5 59 0.87
0.010 73.90 43.5 39 0.97 0.040
0.033 73.59 43.5 43 0.97 0.053
0.138 72.94 43.5 43 0.97 0.064
0.328 70.53 44.95 43 0.97 0.065
0.653 69.93 46.4 46 0.95 0.081
1.309 62.29 50.75 48 0.90 0.147
1.961 55.56 53.65 59 0.87 0.184
0.010 42.57 40.6 61 0.014
0.033 42.60 40.6 63 0.97 0.022
0.184 41.15 42.05 63 0.95 0.039
0.367 40.46 42.05 66 0.93 0.053
0.325 39.30 43.5 64 0.070
1.309 37.87 46.4 66 0.119
0.066 33.82 40.6 63 0.96 0.028
0.066 39.15 42.05 63 0.96 0.031
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Fuentes Data (air-water) d=1.0 in
Vsl Vsg P ro(g) Eg,exp
ft/s ft/s psi lb/ft3
0.166 59.3 17.257 0.092 0.936
0.330 53.7 17.606 0.094 0.917
0.436 59.1 19.592 0.104 0.917
0.545 58.6 20.887 0.111 0.909
0.674 54.9 21.757 0.116 0.890
0.340 63.6 19.79 0.106 0.938
0.436 63.6 21.165 0.113 0.953
0.546 62.5 22.37 0.119 0.925
0.639 56.4 21.66 0.115 0.900
0.329 64.0 19.33 0.103 0.925
0.424 59.2 19.802 0.106 0.917
0.560 58.0 21.062 0.112 0.888
0.636 56.4 21.45 0.114 0.886
0.230 53.2 17.486 0.093 0.919
0.335 67.8 20.991 0.112 0.925
0.458 64.7 21.439 0.114 0.925
0.610 55.2 20.779 0.111 0.884
0.637 57.4 21.883 0.117 0.888
0.228 54.2 17.511 0.093 0.921
0.329 71.0 21.016 0.112 0.938
0.458 64.7 21.569 0.115 0.921
0.609 55.5 20.754 0.111 0.871
0.635 57.6 21.864 0.117 0.894
0.223 55.6 17.561 0.094 0.925
0.340 70.5 21.186 0.113 0.930
0.462 65.6 21.694 0.116 0.925
0.590 57.6 20.784 0.111 0.876
0.631 59.0 21.814 0.116 0.898
0.233 68.5 19.296 0.103 0.942
0.332 69.0 20.986 0.112 0.946
0.462 64.4 21.669 0.116 0.921
0.567 64.4 23.438 0.125 0.909
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0.633 56.9 21.814 0.116 0.903
0.231 68.4 19.346 0.103 0.940
0.338 65.8 20.476 0.109 0.925
0.482 65.2 21.774 0.116 0.925
0.512 73.0 24.168 0.129 0.913
0.648 54.5 21.164 0.113 0.888
Ney Data (air-water) d=0.5
Vsl Vsg p T
ft/s ft/s psi oF
0.27 145.7 17 73
0.77 128.7 18 74
0.35 126.8 17 87
1.00 118.0 18 80
0.46 117.6 18 82
0.35 111.4 17 61
0.75 109.6 18 73
0.93 104.6 17 79
0.35 103.9 17 66
0.85 101.1 18 79
0.87 100.5 17 79
0.88 100.5 18 67
0.87 99.5 18 70
1.03 99.5 18 75
0.86 98.8 18 55
0.24 98.5 16 50
0.40 97.9 17 50
0.33 97.4 16 72
0.40 97.4 17 72
0.34 96.8 16 70
1.04 96.5 18 64
1.17 96.1 18 76
1.41 95.3 18 72
1.06 94.3 18 67
0.91 94.2 17 73
0.84 87.0 17 80
1.25 83.4 17 71
0.40 82.7 16 80
1.36 81.0 18 61
0.35 79.2 16 62
1.27 70.1 17 80














































































































































TRIAL AND ERROR EXAMPLE FOR THE RATIO OF THE INTERFACE
AND LIQUID FILM VELOCITIES
87
Caetano Data (air-kerosine) Velocity Ratio: Interface : Liquid Film =2:1
Eq39
PHI F a c t o d p / d z PHI 1-Eg Eg f f / f g
c2 p s i / f I f  2
0.002 - 2930 0 . 3 76 94 0 . 1 03 0 . 897 4 . 3 82
1.822 0 . 0 1 0 . 0 06 1144 0 . 0 30 0 . 970 2 . 101
3.289 0 . 7 0 . 011 290 0 . 059 0.941 3.181
2.416 1 0 . 0 07 1087 0 . 030 0 . 970 2 . 12
3.532 0 .0 1 0 . 0 2 8 126 0 . 089 0.911 4 . 2 4 5
2.034 - 1 . 6 0 . 0 43 103 0. 099 0.901 4 . 5 5 6
2.473 1 0 . 0 06 989 0. 032 0 . 968 2 . 1 7 9
3.121 - 0 . 5 0 . 0 23 110 0 . 095 0 . 9 05 4 . 4 8 6
2.424 - 0 . 5 5 0 . 064 217 0 . 068 0.932 3 . 4 6
2.879 - 0 . 3 0 . 104 137 0.086 0. 914 4.101
1.467 1 . 1 5 0 . 029 8881 0.011 0.989 1. 381
1.782 1.1 0 . 036 3447 0 . 017 0 . 983 1.612
2.132 0 . 4 5 0 . 0 57 1291 0.028 0 . 972 2 . 0 01
2.894 0 . 7 0 . 0 89 826 0.035 0 . 9 65 2 . 2 3 7
3.114 0 . 5 0.141 699 0.038 0.962 2 . 334
2.153 - 0 . 4 0 . 1 98 463 0 . 046 0. 954 2 . 591
2. 179 - 0 . 3 7 0 . 2 97 238 0 . 065 0 . 935 3 . 1 9
1.85 1 0 . 0 12 2794 0.019 0.981 1.702
2.301 1.1 0 . 0 17 1280 0.028 0 . 972 2 . 0 3 8
3.08 0 . 6 5 0 . 0 33 436 0.048 0.952 2 . 7 59
3.13 0 . 3 0 . 0 49 333 0.055 0 . 9 45 3 . 0 15
3. 153 0 . 4 0.044 331 0. 055 0 . 945 2 . 9 9 6
2.26 - 0 . 6 8 0 . 1 43 129 0.088 0.912 4 . 1 3 5
2.893 0 . 9 0 . 0 16 522 0.044 0.956 2 . 6 26
2.673 0 . 9 0 . 0 19 681 0.038 0 . 962 2 . 4 07
PHI d p / d z PHI 1-Eg Eg f f / f g PHI
c2 p s i / f I f  2 c2
7. 813 0.376 94 0 . 103 0 . 8 97 4 . 3 83 7 . 82 6
2.234 0 . 00 6 1238 0 . 0 28 0 . 97 2 2 . 05 8 2 . 1 79
3.781 0. 012 316 0 . 05 6 0 . 94 4 3 . 08 7 3 . 62 3
2.267 0.007 1199 0 . 0 29 0 . 97 1 2 . 0 66 2 . 197
6 . 19 0.029 131 0 . 0 87 0 . 9 13 4 . 1 87 6. 018
6.681 0 . 04 3 102 0 . 0 99 0.901 4. 574 6. 756
2 . 33 0.006 1082 0 . 03 0 0 . 9 7 0 2 . 1 27 2 . 262
6.334 0.024 115 0 . 09 3 0 . 9 07 4 . 41 2 6 . 11 5
5.482 0.064 217 0 . 06 8 0 . 93 2 3 . 46 5 . 4 83
7. 493 0.104 137 0 . 08 6 0.914 4 . 0 98 7. 477
1.421 0 . 02 9 8792 0.011 0 . 9 8 9 1 . 38 3 1. 423
1. 729 0.036 3410 0.017 0 . 9 8 3 1.616 1. 733
2.486 0.057 1300 0 . 02 8 0 . 9 72 1 . 99 7 2 . 48
3.313 0 . 0 9 836 0 . 03 5 0 . 9 65 2 . 23 3. 297
4.055 0.14 694 0 . 03 8 0 . 96 2 2 . 33 9 4 . 07
4.735 0 . 19 9 467 0 . 04 6 0 . 95 4 2 . 58 5 4 . 706
6 . 5 0.296 237 0 . 06 5 0 . 9 35 3 . 19 3 6. 522
1. 782 0.013 3068 0.018 0 . 98 2 1.67 1. 743
2.234 0.016 1229 0.029 0 . 97 1 2 . 05 9 2 . 26 4
3. 708 0 . 03 3 436 0.048 0 . 95 2 2 . 75 8 3 . 707
4 . 57 5 0 . 04 9 332 0 . 05 5 0 . 9 45 3 . 01 9 4 . 587
4.407 0.044 326 0 . 05 5 0 . 9 45 3. 012 4.451
7. 778 0.143 129 0.088 0 . 91 2 4 . 13 3 7.762
3.081 0.016 518 0.044 0 . 9 56 2. 632 3. 09
2.804 0.019 690 0.038 0 . 96 2 2 397 2. 789
F r i c
d p / d z PHI 1-Eg Eg f f / f g PHI d p / d z
p s i / f I f  2 c2 p s i / f
0 . 3 76 95 0 .1 0 3 0 . 89 7 4 . 38 1 7 .7 997 0 .3 7 5
0 . 0 06 1207 0 . 0 2 9 0 . 97 1 2.071 2 . 1961 0 . 00 6
0. 011 303 0 . 0 5 7 0 .9 4 3 3.132 3 . 6994 0 . 01 2
0 . 0 07 1162 0 . 0 2 9 0.971 2 .0 8 3 2 .2188 0 . 0 0 7
0 . 0 28 127 0 . 0 8 9 0.911 4 .2 3 2 6 .1512 0 . 0 2 9
0 . 043 103 0 . 0 9 9 0.901 4.554 6 .6 7 6 0 . 04 2
0 . 006 1051 0 .0 3 1 0 . 96 9 2.144 2 . 2 83 9 0 .0 0 6
0 . 023 111 0 . 0 9 5 0 . 90 5 4 .4 7 3 6 . 292 9 0. 024
0.064 217 0 . 0 6 8 0.932 3 .4 6 5 . 481 8 0 . 06 4
0.104 136 0 .0 8 6 0.914 4.101 7 .4939 0 . 10 4
0 . 0 29 8806 0. 011 0 . 98 9 1.383 1.4231 0 .0 2 9
0 . 0 36 3419 0 .0 1 7 0 .9 8 3 1.615 1 .7325 0 .0 3 6
0 . 05 7 1297 0 .0 2 8 0 . 97 2 1 . 99 9 2 . 481 7 0 .0 5 7
0 . 08 9 8^2 0 . 0 3 5 0 .9 6 5 2 .2 3 3 3 . 303 9 0 . 0 8 9
0. 141 696 0 .0 3 8 0. 962 2 . 33 6 4.0621 0 . 14 1
0 . 19 8 464 0 .0 4 6 0. 954 2 . 5 9 4.7304 0 . 1 9 9
0.297 238 0 .0 6 5 0 . 93 5 3 . 18 9 6 . 496 9 0 .2 9 6
0.012 2999 0 .0 1 8 0. 982 1.678 1. 752 0 . 01 2
0 . 01 7 1245 0 .0 2 8 0. 972 2 . 05 2 2. 254 0 .0 1 7
0 . 03 3 430 0 .0 4 8 0 . 95 2 2 . 75 8 3.7077 0 .0 3 3
0 . 04 9 333 0 . 0 5 5 0 .9 4 5 3 .0 1 6 4.5794 0 . 04 9
0. 044 329 0 .0 5 5 0 .9 4 5 3.002 4.4244 0. 044
0 . 14 3 129 0 . 0 8 8 0 . 91 2 4 . 13 6 7.7819 0 .1 4 3
0.016 520 0. 044 0 . 95 6 2 . 62 9 3 . 08 6 0 . 01 6
0 . 01 9 687 0 .0 3 8 0. 962 2.401 2.7952 0 . 01 9
GO
00
Caetano Data (air-kerosine) Velocity Ratio: Interface : Liquid Film = 1.5
Eq39
PHI F a c t o d p / d z PHI 1-Eg Eg f f / f g
c2 p s i / f I f  2
1.744 - 3 . 3 5 0 . 3 7 6 94 0 . 103 0 . 897 4.383
1.847 0.01 0 . 0 0 6 1144 0 . 0 30 0 . 9 70 2.101
3.417 0. 75 0 . 0 11 300 0 . 058 0.942 3. 141
2.435 1 0 . 0 0 7 1091 0 . 0 30 0 . 970 2.118
4. 286 0.01 0 . 0 2 8 126 0.089 0.911 4. 244
3.409 - 0 . 9 5 0 . 0 4 3 103 0 . 099 0.901 4.554
2.494 1 0 . 0 0 6 994 0.032 0 . 966 2. 176
3.926 - 0 . 2 5 0 . 0 24 115 0 . 093 0 . 907 4. 406
3.478 - 0 . 3 8 0 . 064 218 0.068 0.932 3. 458
4.651 - 0 . 1 8 0 . 1 04 137 0.086 0.914 4. 098
1.473 1.15 0 . 0 2 9 8901 0.011 0 . 989 1.381
1.797 1.07 0 . 0 3 6 3410 0.017 0 . 9 83 1.616
2.197 0. 43 0 . 0 5 7 1287 0.028 0 . 972 2. 003
3.067 0. 67 0 . 0 8 9 830 0.035 0 . 965 2. 235
3.537 0. 43 0 . 1 41 695 0.038 0 . 962 2. 337
3.237 - 0 . 2 5 0 . 1 9 9 466 0 . 046 0.954 2. 587
4.104 - 0 . 2 0 . 2 9 6 238 0 . 065 0 . 935 3.191
1.862 1.1 0 . 0 12 2964 0 . 018 0 . 982 1. 682
2.334 1.1 0 . 0 1 7 1290 0 . 028 0.972 2.034
3.291 0.58 0 . 0 3 3 430 0 . 048 0 . 952 2 . 77
3.632 0. 25 0 . 0 4 9 332 0 . 055 0. 945 3.018
3.591 0.31 0 . 0 44 326 0 . 055 0 . 9 45 3. 012
4.408 - 0 . 3 5 0 . 1 4 3 129 0 . 088 0.912 4.136
2.982 0 .8 5 0 . 0 1 6 516 0. 044 0 . 956 2. 635
2.745 0.85 0 . 0 1» 672 0 . 0 39 0. 961 2.416
PHI d p / d z PHI 1-Eg Eg f f / f g PHI
c2 p s i / f I f  2 c2
7.826 0 . 37 6 95 0 . 1 0 3 0 . 8 9 7 4.381 7 . 8
2.234 0 . 00 6 1238 0 . 0 28 0 . 97 2 2.058 2.179
3.714 0. 012 310 0 . 0 57 0 . 9 4 3 3. 106 3.655
2.264 0 . 00 7 1198 0 . 02 9 0. 971 2 . 06 7 2 . 19 8
6. 187 0 . 02 9 131 0 . 0 87 0 . 9 1 3 4 . 1 87 6. 02
6.673 0. 042 102 0 . 0 99 0 . 901 4 . 5 76 6 . 76 5
2.326 0.006 1081 0 . 03 0 0 . 9 7 0 2.128 2 . 26 3
6.097 0 . 02 3 111 0 . 0 95 0 . 9 05 4 . 47 8 6 . 30 8
5.476 0.064 217 0 . 068 0 . 9 32 3.461 5 . 48 8
7.478 0.104 137 0 . 0 86 0 . 914 4. 101 7.493
1.421 0 . 02 9 8789 0. 011 0 . 9 89 1.383 1.424
1.733 0 . 03 6 3419 0 . 017 0 . 9 8 3 1.615 1.732
2. 488 0.058 1302 0 . 028 0 . 9 72 1.997 2 . 47 9
3.307 0.089 835 0 . 035 0 . 9 65 2. 231 3 . 3
4.065 0.141 695 0 . 038 0 . 9 62 2 . 33 7 4 . 06 5
4.712 0 . 19 8 464 0 . 0 46 0 . 95 4 2 . 5 89 4 . 72 5
6.509 0.296 238 0 . 0 65 0 . 9 3 5 3.192 6.513
1.757 0.012 3024 0 . 018 0 . 9 82 1.675 1.749
2.228 0.016 1226 0 . 029 0 . 97 1 2.061 2 . 26 6
3.732 0 . 03 3 439 0 . 0 48 0 . 9 52 2.752 3 . 69 5
4.584 0 . 04 9 332 0 . 055 0 . 9 4 5 3 . 01 7 4.581
4.452 0.044 329 0 . 055 0 . 9 45 3.002 4.424
7.782 0.143 129 0 . 088 0 . 9 12 4.132 7.757
3.095 0. 016 521 0.044 0 . 9 56 2.628 3.084
2.819 0.019 694 0 . 038 0 . 9 62 2.393 2.784
F r i c
d p / d z PHI 1-Eg Eg f f / f g PHI d p / d z
p s i / f i f  2 c2 p s i / f
0 . 3 75 94 0 . 1 0 3 0 . 89 7 4 . 3 8 6 7 . 851 9 0 . 3 7 8
0 . 0 06 1207 0 .0 2 9 0 . 9 7 ! 2 . 07 1 2.1961 0 . 0 0 6
0.011 305 0 .0 5 7 0 .9 4 3 3 .1 2 3 3 . 68 35 0 . 01 1
0 . 0 0 7 1163 0 .0 2 9 0.971 2 . 0 8 3 2 .2184 0 . 0 0 7
0 . 0 2 8 127 0 . 0 8 9 0.911 4 . 23 1 6.1494 0 . 0 2 9
0 . 0 4 3 103 0 .0 9 9 0.901 4 . 55 2 6.6661 0 . 04 2
0 . 0 06 1051 0 . 03 1 0 .9 6 9 2 .1 4 3 2 . 283 5 0 . 0 0 6
0 . 02 4 114 0 .0 9 3 0 .9 0 7 4 . 4 1 9 6.1352 0 .0 2 3
0 . 06 4 218 0 .0 6 8 0 . 93 2 3 .4 5 9 5 . 477 8 0 . 06 4
0. 104 137 0 . 0 8 6 0.914 4 .0 9 8 7 . 4772 0.104
0 . 0 29 8807 0.011 0 . 98 9 1 . 38 3 1 . 42 3 0 .0 2 9
0 . 0 36 3417 0 .0 1 7 0 .9 8 3 1 . 61 5 1 .7327 0 . 0 3 6
0 . 0 57 1297 0 . 02 8 0 . 97 2 1 .9 9 9 2 . 48 2 0 .0 5 7
0 . 0 89 833 0 .0 3 5 0 .9 6 5 2 . 2 3 3 3 . 302 7 0 .0 8 9
0 . 141 695 0 .0 3 8 0 . 96 2 2 .3 3 7 4 . 064 9 0. 141
0 . 1 99 466 0 .0 4 6 0 . 95 4 2 .5 8 7 4 .7142 0 .1 9 8
0 . 2 9 7 238 0 .0 6 5 0 .9 3 5 3.191 6 . 50 8 0 .2 9 6
0 . 0 12 3010 0 .0 1 8 0 . 98 2 1.676 1 . 750 5 0 . 01 2
0 . 0 17 1246 0 .0 2 8 0 . 97 2 2 . 05 2 2.2534 0 . 01 7
0 . 03 3 435 0 .0 4 8 0 .9 5 2 2.761 3.7134 0 . 03 3
0 . 0 49 332 0 .0 5 5 0 .9 4 5 3 . 01 8 4.5832 0 .0 4 9
0. 044 327 0 .0 5 5 0 .9 4 5 3 . 00 8 4 . 4409 0.044
0 . 1 4 3 129 0 . 08 8 0 .9 1 2 4 . 13 7 7 . 7877 0 .1 4 3
0 . 0 16 519 0.044 0 .9 5 6 2.631 3 . 0886 0 . 01 6
0 . 0 19 685 0 . 03 8 0 . 96 2 2.402 2.7974 0 . 01 9
00O
Caetano Data (air-kerosine) Velocity Ratio: Interface Liquid Film = 1:1
Eq39 F r i c
PHI F a c t o d p / d z F PHI 1-Eg Eg f f / f g PHI dp / dz F PHI 1-Eg Eg f f / f g PHI d p / d z F PHI 1-Eg Eg f f / f g PHI d p / d z F
c2 p s i / f t I f  2 c2 p s i / f t I f  2 c2 p s i / f t i f  2 c2 p s i / f t
6 . 745 - 0 . 8 7 0 . 37 59 94 0 . 1 03 0 . 897 4. 382 7.817 0.3759 94 0 . 10 3 0 . 8 9 7 4. 383 7. 818 0 . 3 7 6 94 0 . 10 3 0.897 4. 382 7 . 8 16 5 0 . 3 7 5 9
1.872 0 . 16 0 .0062 1221 0 . 0 29 0. 971 2 . 065 2 . 18 8 0.0062 1213 0 . 0 29 0 . 9 71 2. 069 2.193 0 . 0062 1215 0 . 02 9 0.971 2 . 06 8 2 . 1 9 1 6 0 . 0 06 2
3. 548 0 . 77 0 . 01 15 307 0 . 0 57 0 . 943 3 . 116 3. 672 0.0114 307 0 . 0 57 0 . 9 4 3 3. 118 3.675 0 . 0 1 1 5 307 0 . 05 7 0. 943 3. 117 3 . 6 73 6 0 . 011 4
2. 453 1.1 0 .0071 1161 0 . 0 29 0. 971 2. 084 2.219 0.0072 1174 0 . 0 29 0 . 9 71 2.078 2.212 0 . 0 07 2 1170 0.029 0.971 2. 079 2 . 2 14 1 0 . 0 07 2
5. 113 0.06 0 .0286 129 0.C8S 0. 912 4 . 209 6.083 0.0285 129 0 . 08 8 0 . 9 12 4.215 C. l 0 . 0 2 8 6 129 0 . 08 8 0.912 4. 21 6 . 0 86 4 0 . 0 28 6
5 . 13 7 - 0 . 6 5 0 . 04 27 102 0 . 0 99 0. 901 4 . 567 6.726 0.0428 102 0 . 09 9 0 . 9 01 4. 562 6. 707 0 . 0 42 7 102 0 . 09 9 0.901 4.567 6 . 7 2 7 6 0 . 0 42 8
2 . 51 5 1.1 0 .0061 1057 0. 031 0 . 969 2.14 2 . 27 9 0.0061 1059 0.031 0 . 9 6 9 2.139 2.27C 0 . 0061 1058 0.031 0.969 2.14 2 . 2 7 8 6 0 .0061
4.824 - 0 . 2 7 0 . 0 23 6 112 0 . 094 0 . 906 4 . 45 6.226 0.0237 113 0.094 0 . 9 0 6 4. 442 6.201 0 . 0 2 3 6 113 0.094 0.906 4 . 44 8 6 . 2 21 2 0 . 0 23 7
4. 722 - 0 . 2 9 0.064 217 0 . 0 68 0. 932 3 . 4 63 5.493 0.0642 218 0 . 06 8 0 . 9 3 2 3.458 5.473 0 . 0 64 217 0 . 06 8 0.932 3.462 5 . 4 9 0 9 0 . 0 64 2
6.846 - 0 . 1 3 0 . 1042 137 0 . 0 86 0. 914 4 . 1 7.488 0.1042 137 0 . 08 6 0 . 9 14 4.099 7.482 0 . 1042 137 0. 086 0.914 4 . 1 7 . 4 88 8 0 . 1 0 4 3
1.478 1.125 0 . 02 87 8807 0. 011 0 . 989 1. 383 1.423 0.0287 8804 0.C11 0 . 9 8 9 1.383 1.423 0 . 0 28 7 8804 0.011 0.989 1.383 1 .4231 0 . 0 28 7
1.812 1.06 0 . 03 55 3408 0 . 0 17 0 . 9 83 1. 616 1.734 0.0356 3419 0 . 01 7 0 . 9 8 3 1.615 1.732 0 . 0 35 6 3417 0. 017 0.983 1.615 1 . 732 7 0 . 0 35 6
2 . 26 3 0.436 0 .0574 1298 0 . 0 28 0 . 972 1. 998 2.481 0.0574 1298 0 . 0 28 0 . 9 72 1.998 2.481 0 .0574 1298 0 . 02 8 0.972 1. 998 2 . 481 2 0 .0 574
3.245 0.641 0 . 08 93 833 0 . 0 35 0 . 9 65 2. 232 3. 302 0.0893 833 0 . 0 35 0 . 9 6 5 2. 232 3.302 0 . 0 89 3 833 0 . 03 5 0. 965 2. 232 3 . 3 0 1 8 0 . 0 8 9 3
3.986 0.381 0 . 14 06 695 0 . 0 38 0 . 962 2 . 337 1.066 0.1406 696 0 . 0 38 0 . 9 62 2.337 4. 065 0 . 1406 695 0.038 0.962 2 . 33 7 4 . 0 65 1 0 . 1 40 6
4. 542 - 0 . 1 8 0 . 19 86 465 0 . 0 46 0. 954 2 . 588 4 . 71 8 0.1985 465 0 . 0 46 0 . 95 4 2.588 4.72 0 . 1986 465 0 . 04 6 0.954 2 . 58 8 4 . 71 82 0 . 1 9 8 5
6.635 - 0 . 1 2 0 .2964 238 0 . 0 65 0 . 9 35 3. 191 6.51 0.2964 238 0 . 0 65 0 . 9 3 5 3. 192 6.511 0 . 2 96 5 238 0 . 06 5 0.935 3.191 6 . 50 94 0 . 296 4
1. 873 1.1 0 . 01 23 2975 0 . 0 18 0 . 982 1.68 1.755 0.0124 3022 0 . 0 18 0 . 9 82 1. 675 1.749 0 . 0124 3010 0.018 0. 982 1.676 1 . 750 5 0 .0124
2.368 1.01 0 . 01 67 1242 0 . 0 28 0 . 972 2. 054 2 . 25 6 0.0167 1241 0 . 0 28 0 . 9 72 2.054 2.257 0 . 0167 1241 0 . 02 8 0.972 2.054 2 .2 564 0 . 016 7
3.509 0.57 0 .0331 4 36 0 . 0 48 0 . 952 2 . 7 59 3 . 70 9 0.0332 436 0 . 04 8 0 . 9 52 2.758 3.707 0 . 0331 436 0 . 04 8 0. 952 2.758 3 . 7 07 8 0 .0332
4.172 0.22 0 .0489 332 0 . 0 55 0 . 945 3 . 017 4.581 0.0489 332 0 . 05 5 0 . 9 45 3.018 4. 583 0 . 0 48 9 332 0 . 05 5 0. 945 3.017 4 . 58 2 0 . 048 9
4 . 05 6 0.29 0.044 328 0 . 0 55 0 . 945 3 . 005 4.433 0.044 328 0 . 0 55 0 . 9 45 3 . 00 6 4. 435 0 . 0 44 328 0 . 05 5 0. 945 3.005 4 . 4 33 8 0.044
7.267 - 0 .2 1 0 . 1431 129 0 . 088 0. 912 4.134 7.772 0.1431 129 0 . 08 8 0 . 91 2 4. 134 7.77 0 . 1431 129 0.088 0.912 4.134 7. 772 0 .1431
3. 073 0.83 0.0161 517 0 . 044 0 . 9 56 2 . 6 33 3.092 0.0162 520 0. 044 0 . 9 5 6 2.629 3. 085 0 . 0161 519 0. 044 0.956 2. 63 3 .0 8 8 0 . 0161




A N N U L A R  F L O W  P R E S S U R E  D P O P  C A L C U L A T I O N - W A L L I S  E N T R A I N M E N T  C O R R E L A T I O N
Muk he r j ee  d a t a  F l u i d :  A i r - K e r o s i n e
Vsg Vsl Vag P T r o ( g ) r o (  1 G1 Gg Mu (1) R e ( l )
t r a n s f t / s f t / s p s i OF l b / f t 3 l b / f t 2  . s
16 . 02 1.84 80.1 70 . 2 114 0 . 3 39 49 . 6 91.2 27 . 2 0.001 15003
1 8 . 6 7 0 . 36 65 . 7 51.4 100 0 . 25 4 50 . 0 18 . 0 16 . 7 0.001 2519
1 9 . 4 7 0 . 36 56 . 6 47 .2 97 0 . 2 3 5 50.1 18 . 0 13.3 0.001 2438
1 9 . 5 7 0 . 36 44 .3 46 .7 95 0 . 2 3 3 50.1 18.1 10.3 0.001 2385
1 4 . 4 4 1. 03 67 . 3 84.4 70 0 . 4 42 50 . 9 52 . 4 29 . 7 0.001 5193
15 . 52 0. 36 50 72 . 9 65 0 . 3 85 51 . 0 18.4 19.2 0.001 1719
14 . 91 0. 36 59 . 2 78.4 56 0.421 51 . 3 18 . 5 24 . 9 0.001 1557
1 5 . 4 9 0 . 09 37 .3 72 . 9 60 0 . 3 89 51.2 4 . 6 14.5 0.001 407
1 6 . 8 7 1.77 65.2 62 .9 98 0 . 3 13 50.1 88 . 6 20.4 0.001 12118
1 5 . 5 5 0. 36 38 . 6 72 . 7 67 0 . 38 2 50 . 9 18 . 3 14.7 0.001 1757
14 . 52 1.03 60 . 8 83 . 7 75 0.434 50 . 7 52 . 2 26.4 0.001 5485
1 4 . 3 8 1.03 66.4 85.4 75 0 . 44 3 50 . 7 52 . 2 29.4 0.001 5485
15 .3 0. 09 43 .6 73 . 9 45 0 . 4 06 51 . 6 4 . 6 17.7 0.002 343
1 5 . 3 9 0. 36 44.1 73.2 48 0 . 4 00 51 . 5 18 . 5 17.6 0.002 1427
15.01 0. 36 4 9 . 6 77.2 52 0 . 4 18 51.4 18 . 5 20.7 0.002 1483
1 5 . 3 5 0. 36 37.4 73 . 9 54 0 . 3 99 51 . 3 18 . 5 14.9 0.002 1515
1 4 . 6 6 1.03 54.1 81.4 62 0 . 4 33 51.1 5 2 . 6 23.4 0.001 4732
14 . 48 1.03 61 . 6 83 . 7 67 0.441 51 . 0 52 . 5 27.1 0.001 4998
17.1 0. 36 90 61 . 2 97 0 . 3 05 50.1 18 . 0 27.4 0.001 2438
17. 72 0 . 36 84 . 8 56 .9 95 0.284 50.1 18.1 24.1 0.001 2385
18 . 4 0. 36 49 .2 52 . 9 98 0 . 2 63 50.1 18 . 0 12.9 0.001 2465
18. 71 0. 36 35 .3 51 .2 99 0 . 25 4 50 . 0 18 . 0 9 . 0 0.001 2492
1 8 . 3 1.14 35 .5 53 .7 109 0 . 26 2 49 . 7 56 . 7 9 . 3 0.001 8801
17. 94 1.14 52 . 2 55 .9 109 0 . 27 2 49 . 7 56 . 7 14.2 0.001 8801
18. 32 1.14 44 .2 53 . 7 113 0 . 2 60 49 . 6 56 . 6 11.5 0.001 9194
18 . 45 1.14 35.1 52 .7 101 0 . 2 6 0 50 . 0 57 . 0 9.1 0.001 8065
d = 1 . 50 i n Area= 0 .0 12 27 f t 2
mu( g )= 1 . 2E- 05
f ( l > d p / d z F l Re(g) f  (9) d p / d zF g X X Gm C
p s i / f t p s i / f t l b / f t 2 . s
0 . 00 7 4 . 1E- 03 280608 0 . 0 0 3 2 . 6E- 02 0 . 2 3 0 .3 7 2 4.3E+05 18 . 6
0 . 0 06 3 . 4E- 04 172648 0 . 00 4 1 . 5E- 02 0 . 4 8 0 . 15 2 1.2E+05 3 1. 2
0.011 2 . 5E-04 137470 0 .0 0 4 1 . 1E- 02 0 . 42 0 .1 3 9 1.1E+05 3 3. 0
0.011 2 . 5E- 04 106778 0 . 00 4 6 .9 E- 0 3 0 . 3 6 0. 174 1.0E+05 3 4. 3
0 . 00 9 1 . 7E- 03 307066 0 . 0 0 3 2 . 3E- 02 0 . 3 6 0 .2 4 7 3.0E+05 19 . 9
0 . 012 2 . 8E- 04 198885 0 . 00 4 1 . 2E- 02 0. 51 0 .1 3 3 1.4E+05 2 7. 3
0 . 01 3 2 . 9E- 04 257801 0 . 00 4 1 . 8E- 02 0 .5 7 0 . 11 2 1.6E+05 2 5. 4
0 . 03 9 5 . 6 E- 0 5 149825 0 . 00 4 7 . 5E- 03 0 .7 6 0 .0 8 7 6.9E+04 3 4 . 8
0 . 00 8 4 . IE-03 210643 0 . 00 4 1 . 7E- 02 0 .1 9 0 .4 5 7 3.9E+05 1 9 . 6
0. 012 2 . 8E- 04 152409 0 . 00 4 7 . 8E- 03 0 . 4 5 0 .1 6 8 1.2E+05 2 8. 6
0 . 00 9 1 . 7E- 03 272672 0 . 0 0 3 1 . 9E- 02 0. 34 0.271 2.8E+05 2 0 . 3
0 . 00 9 1 . 7E- 03 303822 0 .0 0 3 2 .3 E- 02 0 . 3 6 0 .2 4 8 2.9E+05 19 . 9
0 . 04 7 6 . 7E- 05 182903 0 .0 0 4 1 . 0E- 02 0 . 7 9 0.081 8.0E+04 32 . 6
0 . 01 3 3.0E-04 181987 0. 004 1 -0E-02 0 . 4 9 0.151 1.3E+05 2 7. 5
0 . 01 3 2 . 9E-04 214359 0 . 00 4 1 . 3E- 02 0 . 5 3 0.132 1 .4E+05 26 . 4
0 . 01 3 2 . 9E- 04 154380 0 . 00 4 7 . 7E- 03 0 . 4 5 0 .1 7 3 1.2E+05 2 8. 3
0 . 01 0 1 . 8E- 03 242125 0 . 00 4 1 .6E-02 0. 31 0 .3 0 6 2.7E+05 20 . 6
0 . 00 9 1 . 8E-03 280490 0 . 0 0 3 2 .0 E- 02 0. 34 0 .2 6 9 2.9E+05 20.1
0.011 2 . 5E- 04 283265 0 .0 0 3 2 .9 E- 02 0 . 6 0 .0 8 3 1.6E+05 2 7. 0
0.011 2 . 5 E - 0 “i 249154 0. 004 2 .5 E- 02 0 .5 7 0 . 09 0 1.5E+05 2 8. 3
0.011 2 . 5E- 04 133722 0 . 00 4 9 . 1E- 03 0 .4 2 0 . 15 0 1.1E+05 32.2
0. 011 2 . 5E-04 92506 0 .0 0 5 4 . 9E- 03 0 . 3 3 0 .2 0 6 9.7E+04 34 . 2
0 . 00 8 1 . 8E- 03 96101 0. 004 5 . IE-03 0. 14 0.562 2.4E+05 2 4 . 5
0 . 00 8 1 . 8E-03 146849 0. 004 1 -0E-02 0.2 0.391 2.6E+05 2 3. 6
0 . 01 3 2 . 8E- 03 118657 0 . 00 4 7 . 5E- 03 0 .1 7 0 . 46 0 2.4E+05 2 4. 3
0 . 01 3 2 . 9E- 03 94472 0 . 00 5 5 . 0E- 03 0. 14 0 . 57 5 2.4E+05 2 4. 6
Eq50 Eq39
PHI s i gma Vs g, c E Gc r o (  gc Re(gc) f  (gc) d p / d z F g d p / d z R e ( l f ) f ( l f ) d p / d z F l PHI 1 -Eg Eg f f / f g PHI Fa c to
g2 f t / s p s i / f t p s i / f t I f  2 c2
8 . 0 5 0.052 0.0015 0 . 82 102 1 . 25 1053802 0.0025 7 . 1 E- 0 2 0 . 57 0 2701 0 . 01 1 2 . 1 E- 0 4 2769 0 .0 1 9 0.981 2 . 4 2 5 3 .1 3 7 0.61
5 . 7 7 0 . 053 0.0011 0 . 68 28 .9 0.439 299157 0.0034 2 . 2 E - 0 2 0. 128 806 0 . 0 20 4 . 5E- 05 2824 0 .0 1 9 0.981 2 .4 1 1 2 . 92 5 0.58
5 . 6 1 0. 054 0.0009 0. 61 24 .3 0.427 250679 0.0035 1 . 7 E - 0 2 0.094 957 0 . 01 7 5 . 8 E - 0 5 1634 0 .0 2 5 0 . 97 5 2 . 8 5 5 3 .5 7 7 0.78
7 .0 1 0.054 0.0007 0. 51 19 .6 0.441 202496 0.0037 1 . I E - 0 2 0. 079 1161 0.014 7 . 2 E - 0 5 1092 0 .0 3 0 0 . 97 0 3 . 2 7 3.731 0 . 7
5 . 9 7 0.057 0.0013 0 . 7 7 69 .9 1. 026 721962 0.0027 4 . 4E-02 0 . 266 1213 0 . 0 13 1 . 4E-04 1953 0 . 02 3 0 . 97 7 2 . 6 9 7 3 .2 0 7 0.75
4 . 6 6 0.057 0.0009 0 . 6 3 30 .7 0.612 317687 0.0033 1 . 8E- 02 0. 083 643 0 . 0 2 5 7 . 9 E - 0 5 1040 0.031 0 .9 6 9 3 . 3 2 6 3 . 97 6 0. 95
3 . 8 5 0 . 058 0.0011 0 . 70 37 . 8 0.636 391032 0.0032 2 . 5 E - 0 2 0.094 470 0.034 7 . 1 E - 0 5 1330 0 .0 2 7 0 . 97 3 3 . 0 5 7 3.762 0.99
4 . 0 2 0.058 0.0007 0 . 51 16 .9 0.452 174314 0.0039 8 . 4 E - 0 3 0. 034 197 0. 081 2 . 7 E - 0 5 1239 0 .0 2 8 0. 972 3 .1 3 1 3 .3 1 3 0.85
1 0 . 1 5 0 . 053 0.0012 0 . 71 83 .7 1. 258 864534 0.0026 5 . 0 E - 0 2 0. 505 3463 0 . 0 10 4 . 6E-04 1109 0 . 03 0 0 .9 7 0 3 .2 5 2 3. 584 0.73
5 . 8 5 0.057 0.0007 0 . 5 3 2 4 . 5 0.631 252844 0 . 0035 1 -2E-02 0 . 067 826 0 . 0 19 9 . 8 E - 0 5 691 0 . 03 8 0. 962 3 . 8 5 3 4 . 26 2 0 . 9
6 . 5 6 0 . 056 0.0012 0 . 7 3 6 4 . 5 1.047 666550 0.0028 3 . 8 E - 0 2 0. 249 1483 0 . 0 13 1 . 7E- 04 1438 0 . 02 6 0.974 2 . 9 7 8 3 .4 0 9 0.77
6 . 0 0 0 . 056 0 . 0013 0. 77 69 . 4 1.033 717415 0.0027 4 . 4E-02 0. 262 1283 0 . 0 13 1 . 3E-04 1955 0 .0 2 3 0. 977 2 . 6 9 6 3 . 17 8 0.75
3 . 6 6 0.059 0.0008 0. 57 20 .3 0.466 210180 0.0037 1 . I E - 0 2 0. 041 148 0 . 1 08 2 . 9 E - 0 5 1424 0.026 0.974 2 . 9 8 7 3 . 20 6 0.88
5 . 1 7 0.059 0.0008 0 . 57 28 .2 0.637 291642 0.0034 1 . 5 E- 0 2 0. 076 610 0 . 02 6 1 . I E - 0 4 686 0 . 03 8 0.962 3 . 86 4 4 . 63 5 0.97
4 . 5 1 0.059 0.0009 0 . 6 3 32 . 4 0 . 65 334337 0.0033 1 . 8 E- 0 2 0. 082 552 0 . 02 9 9 . 2 E - 0 5 891 0. 034 0. 966 3 .5 1 3 4 .2 4 8 0.97
5 . 9 3 0.058 0.0007 0. 52 24 .5 0 . 65 252889 0.0035 1 . I E - 0 2 0 . 066 734 0.022 1 . 2E-04 565 0 . 04 2 0. 958 4 .1 5 4 4.704 0.93
7 . 4 0 0.057 0.001 0. 67 58 .9 1. 075 609133 0.0028 3 . 2 E- 0 2 0 . 233 1540 0 . 01 3 2 . 5E-04 934 0 . 03 3 0. 967 3 . 45 4 3 . 79 6 0.81
6 . 4 9 0.057 0.0012 0 . 73 6 5 . 5 1. 05 676535 0.0028 3 . 9 E- 0 2 0. 252 1349 0 . 0 13 1 . 8E-04 1420 0 . 02 7 0. 973 2 . 9 9 3 .4 5 0. 78
3 .2 4 0. 054 0.0016 0 . 83 4 2 . 3 0.469 437603 0.0031 4 . IE- 02 0. 131 418 0 . 03 8 2 . 5E-05 5196 0. 014 0. 986 2 .0 4 2 .6 5 8 0 . 9
3 .5 4 0. 054 0.0014 0 . 79 38 . 4 0. 451 396842 0.0031 3 . 5 E- 0 2 0 . 126 497 0 . 03 2 3 . 1 E- 0 5 4016 0 .0 1 6 0.984 2 . 1 8 3 2 .8 6 5 0.88
5 . 8 7 0.053 0.0008 0 . 58 23 .3 0. 472 241223 0.0036 1 . 4E-02 0 . 083 1042 0.014 5 . 6 E - 0 5 1498 0 .0 2 6 0.974 2 .9 3 8 3 . 32 7 0.75
8 . 0 7 0.053 0.0006 0 . 45 17 .0 0 . 48 175777 0.0039 8 . 0 E - 0 3 0 . 040 1377 0.013 8 . 9 E - 0 5 449 0 .0 4 7 0. 953 4 . 5 3 8 5 .7 9 9 0.05
1 5 . 0 9 0. 052 0.0006 0 . 46 35 .7 0.989 368498 0.0032 1 . 4E- 02 0. 215 4710 0 . 0 10 6 . 1 E- 0 4 353 0 .0 5 3 0. 947 4 . 99 4 3 . 33 5 0.65
10.41 0. 052 0.0009 0. 62 49 . 1 0.929 507332 0.0030 2 . 7 E - 0 2 0. 276 3386 0 . 0 10 3 . 4 E- 0 4 807 0 .0 3 5 0. 965 3 .6 4 3 . 99 9 0.74
1 2 . 3 9 0. 052 0.0007 0 . 5 5 4 2 . 5 0 . 948 439147 0.0031 2 . 0 E - 0 2 0. 250 4153 0.010 4 . 5E-04 559 0 . 04 2 0.958 4. 171 3.833 0 . 7
1 5 . 4 7 0.053 0.0006 0 . 4 5 34 .9 0 . 98 360731 0.0032 1 . 4E- 02 0. 214 4417 0 . 01 0 6 . 5E-04 328 0 . 05 5 0.945 5 .1 3 9 3 . 45 5 0.68
d p / d z PHI 1-Eg
p s i / f I f  2
0 . 353 1713 0. 024
0.083 1827 0 . 023
0.071 1223 0 . 029
0.054 749 0 .037
0.186 1370 0 . 027
0.075 942 0 . 033
0.093 1308 0 . 028
0.029 1053 0.031
0.317 698 0 . 038
0.056 572 0. 042
0.174 1007 0. 032
0.183 1366 0 . 027
0.037 1261 0 . 028
0.071 641 0 . 039
0.079 853 0.034
0.058 491 O.'MS
0. 165 661 0 . 039
0. 178 10C5 0. 032
0.114 4519 0 . 015
0. 108 3436 0 . 017
0. 059 1068 0.031
0.034 379 0. 051
0. 123 202 0.07C
0. 177 518 0.044
0.152 340 0. 054
0.123 189 0 . 073
Eg f f / f g PHI
c2
0.976 2 . 812 4 . 976
0.977 2.754 3 . 689
0. 971 3.144 4. 252
0.963 3.74 4. 874
0.973 3 . 026 4. 201
0.967 3. 444 4 . 219
0. 972 3.074 3. 794
0.969 3.311 3 . 575
0. 962 3.84 6 . 3 69
0.958 4 . 1 35 4.871
0.968 3 . 363 4 . 599
0. 973 3 . 029 4 . 186
0.972 3. 112 3. 382
0.961 3. 962 4 . 838
0. 966 3. 568 4 . 36
0. 955 4. 384 5 . 196
0.961 3. 917 5.242
0.968 3 . 366 4 . 5 96
0.985 2 . 1 16 2.804
0.983 2 . 279 3.057
0.969 3 . 295 4 . 1 55
0. 949 4 . 8 55 6 . 598
0. 930 6. 282 8 . 647
0. 956 4 . 295 6. 674
0.946 5 . 066 7 . 59
0.927 6 . 453 8.881
d p/ dz PHI 1-Eg
p s i / f I f  2
0.352 1712 0.024
0.082 1806 0.024
0.071 1238 0 . 02 8
0.055 759 0 . 03 6
0.187 1374 0 . 02 7
0.075 942 0 . 03 3
0.093 1311 0 . 02 8
0.03 1101 0 . 03 0
0.317 696 0.038




0.071 642 0 . 03 9
0.08 862 0. 034
0.058 495 0.045
0.165 662 0.039
0.178 1006 0. 032







0.123 189 0. 073
F r i c
Eg f f / f g PHI d p / d z F PHI 1-
c2 p s i / f t 1*2
0 . 9 7 6 2 . 81 3 4 . 98 0 . 3 52 5 1713 0.
0 . 9 7 6 2. 765 3.712 0 . 0 82 5 1817 0.
0 . 9 72 3.131 4. 221 0 . 0 70 9 1229 0.
0 . 96 4 3.722 4. 831 0 . 0541 752 0.
0 . 9 73 3.024 4.192 0 . 1 86 5 1371 0.
0 . 9 67 3.444 4.218 0 . 0748 942 0.
0 . 97 2 3.071 3 . 79 0 . 0 9 3 1310 0.
0 . 9 7 0 3 . 26 3. 501 0 . 0294 1078 0.
0 . 96 2 3. 843 6.387 0 . 3176 698 0.
0 . 9 5 8 4 . 12 7 4. 852 0 . 0 55 9 573 0.
0 . 9 69 3.362 4. 594 0 . 1741 1007 0.
0 . 9 7 3 3. 03 4 . 18 9 0 . 1831 1366 0.
0 . 97 2 3 . 06 6 3.318 0 . 0375 1292 0.
0 . 96 1 3. 959 4 . 83 3 0 . 0709 642 0.
0 . 9 66 3 . 55 5 4 . 33 3 0 . 0791 856 0.
0 . 9 5 5 4 . 36 9 5 . 16 5 0 . 0578 492 0.
0 . 96 1 3. 915 5.237 0 . 1652 661 0.
0 . 9 6 8 3.364 4 . 59 0 . 17 8 1005 0.
0 . 9 8 5 2. 118 2,808 0 . 1138 4509 0.
0 . 9 8 3 2.274 3.047 0 . 1082 3453 0.
0 . 9 6 9 3. 303 4.173 0 . 0592 1065 0.
0 . 9 48 4 . 913 6.745 0 . 0333 376 0.
0 . 9 3 0 6 . 276 8.621 0 . 1227 201 0.
0 . 9 56 4. 297 6. 683 0 . 1772 518 0.
0 . 9 46 5. 052 7.528 0 . 1518 340 0.
0 . 9 27 6. 462 8.92 0 . 1233 189 0.
Eg f f / f g PHI d p / d z ang
c2 p s i / f t
0 . 97 6 2 .8 1 2 4 .9 7 7 0 . 3 5 2 90
0.977 2 . 7 5 9 3 . 7 0 . 0 8 2 90
0.971 3 .1 3 9 4 .2 3 9 0 .0 7 1 90
0.964 3 .7 3 5 4. 861 0 . 0 5 4 90
0.973 3 . 02 6 4 . 19 8 0 . 1 8 7 90
0.967 3.444 4 . 21 8 0 . 0 7 5 90
0.972 3 .0 7 3 3. 792 0 . 0 9 3 90
0 . 97 0 3 . 28 4 3 . 53 5 0 . 0 3 90
0.962 3 .8 3 9 6. 368 0 . 3 1 7 80
0.958 4 .1 3 3 4 . 86 5 0 . 0 5 6 80
0.968 3 .3 6 3 4 . 59 8 0 .1 7 4 80
0.973 3 .0 2 9 4 .1 8 7 0 . 1 8 3 80
0.972 3 .0 8 6 3 .3 4 6 0 . 0 3 8 70
0.961 3.961 4 . 83 6 0 .0 7 1 70
0 . 96 6 3 . 56 3 4 .3 4 9 0 . 0 7 9 70
0 . 95 5 4 . 3 8 5 . 18 7 0 . 0 5 8 70
0.961 3 . 91 7 5.241 0 . 1 6 5 70
0.968 3 . 3 6 6 4.595 0 . 1 7 8 70
0.985 2 .1 1 7 2.806 0 .1 1 4 70
0.983 2 .2 7 6 3.051 0 . 1 0 8 70
0.969 3 .2 9 8 4.161 0 . 0 5 9 70
0.948 4 . 8 7 6. 636 0 . 0 5 3 70
0.930 6.284 8.658 0 . 1 2 3 70
0.956 4 . 29 5 6.674 0 . 1 7 7 70
0.946 5 .0 6 9 7. 602 0 . 1 5 3 70




























S t a t T o t ,  C a lc
s inO r o ( m ) dp/dzH d p / d z Eg,  ex Eg E r r o r E g e- a v E ge- av E r r o r
p s i / f t p s i / f t 100%
1.00 2 . 4 2 0.0087 0 . 3 70 0 . 9 5 0 . 976 0.0258 0 . 0 00 2 0.0001 0 . 0272
1.00 1 . 6 0 0.0031 0 . 066 0 . 96 0. 977 0.0165 0 . 0 00 5 0 . 0002 0 . 0172
1.00 1 . 84 0. 003 0 . 075 0 . 96 0.971 0.0115 0 . 0 00 5 5 . 9E -0 0. 012
1.00 2 . 2 5 0.0031 0 . 058 0. 94 0.964 0.0235 7 . 2 E - 0 7 . 5E- 0 0 . 02 5
1. 00 2 . 3 7 0.0071 0 . 196 0. 92 0. 973 0 . 053 0 . 0 00 3 8 . 4E -0 0 . 0576
1 .0 0 2 . 2 5 0 . 0043 0 . 079 0 . 95 0. 967 0.0174 0 . 0002 1 . 3E- 0 0 . 0183
1. 00 2 . 0 4 0.0044 0 . 098 0 . 96 0.972 0.0124 0 . 0 00 5 7 . 3E -0 0 . 0129
1. 00 2 . 0 0 0 . 0031 0 . 0 33 0 . 96 0. 970 0.0095 0 . 0 00 5 3 . 3E -0 0 . 0099
0 .9 8 3 . 1 1 0 . 0086 0.331 0. 91 0.962 0.0521 0 . 0007 2 . 8 E - 0 0 . 0573
0. 98 2 . 7 3 0 . 0043 0.061 0.94 0. 958 0.0182 7 . 2E -0 3 . 1 E - 0 0 .0194
0. 98 2 . 6 1 0 . 0072 0. 183 0.92 0. 968 0.0485 0 . 0003 2 . 2E -0 0 . 0527
0. 98 2 . 3 8 0.0071 0. 192 0 . 95 0 . 97 3 0.0229 0 .0002 8 . 3E -0 0.0241
0.94 1 . 8 9 0 . 003 0. 041 0 . 96 0.972 0.0122 0 . 0005 7E-05 0 . 0127
0.94 2 . 6 5 0.0042 0 . 075 0 . 95 0.961 0.0105 0 .0002 1 . 1E-0 0.0111
0.94 2 . 3 8 0 . 0042 0. 084 0 . 97 0 . 96 6 - 0 . 0 0 4 0.0011 4 . 1 E - 0 - 0 . 0 0 4
0.94 2 . 9 3 0.0042 0 . 062 0 . 95 0 . 95 5 0.0049 0 .0002 7 . 9E -0 0 . 0052
0.94 3 . 02 0.007 0.174 0 . 96 0.961 0.0011 0 . 0005 7 . 3E -0 0 . 0012
0.94 2 . 6 2 0.0069 0 . 187 0 . 96 0 . 96 8 0.0085 0 . 0005 2 . 2E -0 0 . 0088
0.94 1 . 21 0.0031 0. 118 0 . 9 0.985 0.0851 0.0014 0 . 0005 0 . 0946
0.94 1 . 3 0 0.0029 0 . 113 0 . 98 0.983 0. 003 0 . 0018 0.0004 0 . 0 0 3
0.94 1 . 9 9 0.0031 0. 062 0.94 0.969 0.0294 7 . 2 E - 0 3 . 1E -0 0 . 0312
0.94 3 . 04 0.0031 0 . 056 0.91 0.948 0.0384 0 . 0007 0.0002 0 . 0422
0.94 4 . 42 0.0065 0 . 130 0.91 0 . 93 0 0.0195 0 . 0007 0 . 0012 0 . 0215
0.94 3 . 0 7 0.0061 0 . 185 0.91 0.956 0.0461 0 .0007 6E-05 0 . 0506
0.94 3 . 5 9 0.0062 0.161 0 . 88 0.946 0.0657 0 . 0033 0 . 0003 0 . 0747
0.94 4 . 5 4 0.0064 0. 130 0 . 87 0.927 0.0573 0 . 0045 0 . 0013 0 . 0659
AVERAGE 0. 93 7 0 . 9638 0.0265 0 . 0289
STANDARD DEVIATION 0.0224
DP, ex d p / d z E r r o r Dpe-av Dp-av E r r o r
p s i / f p s i / f t 100%
0. 1 73 0 . 3 7 0 0 . 19 7 0 .0104 0 . 058 4 1.134
0 . 0 59 0 .0 8 6 0 . 02 7 0 .0002 0 . 0 01 8 0 . 4 5 7
0 . 03 5 0 .0 7 5 0. 04 0 . 0 01 3 0 . 0 02 9 1 .1 4 8
0 . 03 4 0 .0 5 8 0.024 0.0014 0 . 0 0 5 0 .6 9 3
0.091 0 .1 9 6 0. 105 0.0004 0 . 0 04 6 1 .1 4 5
0 . 04 7 0 . 0 7 9 0.032 0 . 000 6 0 .0 024 0 . 68 1
0 . 0 57 0 .0 9 8 0. 041 0 .0 002 0 . 000 9 0 .7 1 9
0 . 0 18 0 .0 3 3 0.015 0 . 00 28 0 .0 091 0 . 82 5
0 . 14 2 0. 331 0 .1 9 0 . 00 49 0 . 04 11 1 . 33 9
0 . 0 35 0 . 06 1 0 . 02 5 0 . 0 01 3 0 . 00 46 0. 71
0.091 0 . 1 8 3 0.092 0 .0 004 0 .0 0 3 1 .0 0 3
0 . 09 3 0 . 19 2 0 . 09 9 0 . 00 05 0.0041 1.058
0 . 02 6 0. 041 0 . 01 5 0.0021 0 . 00 77 0. 581
0 . 04 7 0 .0 7 5 0 . 02 9 0 . 00 06 0 . 00 28 0 .6 1 8
0. 051 0. 084 0.033 0 .0004 0 .0 0 2 0 . 63 3
0 . 0 4  6 0 .0 6 2 0.017 0 . 000 6 0 .0044 0.361
0 . 0 87 0. 174 0. 087 0 . 000 2 0 . 00 2 1
0 . 09 0 . 1 8 7 0.097 0 . 00 03 0 .0034 1 . 08 9
0 . 0 67 0 . 11 8 0. 052 2 . 3 E - 0 0 .0001 0 .7 7 8
0 . 0 6 0 .1 1 3 0.053 0 . 0001 0 . 000 3 0 . 88 8
0.052 0 . 06 2 0. 01 0.0004 0 .0044 0 .1 9 8
0.034 0 .0 5 6 0. 022 0 .0014 0 .0052 0. 641
0 . 12 3 0 .1 3 0 0.008 0 . 002 6 3 . 2 E - 0 0 .0 6 3
0 . 0 9 0 .1 8 5 0.095 0 . 000 3 0 .0032 1. 057
0 . 09 0. 161 0.071 C.0003 0.001 0 . 78 9
0 . 1 17 0 .1 3 0 0.013 0 . 0021 1 . 3E-0 0. 111
0.071 0 . 128 5 0 . 05 7 0 . 75 8
0 .0649
A N N U L A R  F L O W  P R E S S U R E  D R O P  C A L C U L A T I O N
Muk he r j ee  d a t a  F l u i d :  A i r - K e r o s i n e
Vsg V s l Vsg P T r o ( g ) r o (  1 G1 Gg Mu( 1) Re ( l>
t r a n s f t / s f t / s p s i OF l b / f t 3 l b / f t 2 . s
16.02 1 .8 4 80 . 1 70.2 114 0 . 3 3 9 4 9 . 6 91 . 2 27 . 2 0. 001 15003
18.67 0 . 3 6 65 .7 51.4 100 0 . 254 5 0 . 0 18 . 0 16 . 7 0.001 2519
19.47 0 . 3 6 5 6 . 6 47 . 2 97 0 . 2 3 5 50 . 1 18 . 0 13 . 3 0.001 2438
19.37 0 . 3 6 4 4 . 3 46 . 7 95 0 . 2 33 50 . 1 18.1 10 . 3 0.001 2385
14.44 1 . 0 3 6 7 . 3 84.4 70 0 . 442 5 0 . 9 52 . 4 29 . 7 0.001 5193
15.52 0 . 3 6 50 72 . 9 65 0 . 3 8 5 5 1 . 0 18.4 19.2 0.001 1719
14.91 0 . 3 6 59 .2 78.4 56 0 . 421 5 1 . 3 18 . 5 24 . 9 0.001 1557
15.49 0 . 0 9 3 7 . 3 72.9 60 0 . 3 8 9 51 . 2 4 . 6 14 . 5 0.001 407
16.87 1 . 7 7 65 .2 62 . 9 98 0 . 3 1 3 50 . 1 8 8 . 6 20 . 4 0.001 12118
15.55 0 . 3 6 3 8 . 6 72.7 67 0 . 3 82 50 .9 18 . 3 14 . 7 0.001 1757
14.52 1 . 0 3 6 0 . 8 83.7 75 0 . 434 50 .7 52 . 2 26 . 4 0.001 5485
14.38 1 . 0 3 66 .4 85.4 75 0 . 4 43 50 .7 52 . 2 29.4 0.001 5485
15.3 0 . 0 9 4 3 . 6 73 . 9 45 0 . 4 0 6 51 .6 4 . 6 17 . 7 0.002 343
15.39 0 . 3 6 44 .1 73.2 48 0 . 4 0 0 51 .5 18 . 5 17.6 0.002 1427
15.01 0 . 3 6 4 9 . 6 77.2 52 0 . 4 1 8 51.4 18 . 5 20 . 7 0.002 1483
15.35 0 . 3 6 37 . 4 73.9 54 0 . 3 9 9 51 .3 1 8 . 5 14 . 9 0.002 1515
14.66 1 . 0 3 54 . 1 81.4 62 0 . 4 3 3 51.1 52 . 6 23 . 4 0.001 4732
14.48 1 . 0 3 6 1 . 6 83.7 67 0 . 441 51 .0 5 2 . 5 27.1 0.001 4998
17.1 0 . 3 6 90 61.2 97 0 . 3 0 5 50.1 1 8 . 0 27 . 4 0.001 2438
17.72 0 . 3 6 8 4 . 8 56 .9 95 0 . 284 50.1 18.1 24.1 0.001 2385
18.4 0 . 3 6 49 .2 52 .9 98 0 . 2 6 3 50 . 1 1 8 . 0 12 . 9 0.001 2465
18.71 0 . 3 6 3 5 . 3 51.2 99 0 . 254 50 .0 18 . 0 9 . 0 0.001 2492
18.3 1. 14 3 5 . 5 53 . 7 109 0 . 262 49 .7 5 6 . 7 9 . 3 0.001 8801
17.94 1. 14 5 2 . 2 55 . 9 109 0 . 272 4 9 . 7 5 6 . 7 14.2 0.001 8801
18.32 1. 14 44 .2 53 . 7 113 0 . 2 60 49 .6 5 6 . 6 11 . 5 0.001 9194
18.45 1. 14 35 . 1 52 . 7 101 0 . 2 60 5 0 . 0 5 7 . 0 9.1 0.001 8065
- W H A L L E Y - H E W I T T  E N T R A I N M E N T  C O R R E L A T I O N
d  = 1. 50 i n Area= 0.01227 f t 2
mu( g) 1 . 2E- 05
f  ( O d p / d z F l Re(g) £(S> d p / d z F g X X Gm C
p s i / f t p s i / f t
0 . 0 0 7 4 . 1 E- 0 3 280608 0. 003 2 . 6 E - 0 2 0 . 2 3 0 . 37 2 4.3E+05 1 8 . 6
0 . 0 0 6 3 . 4 E- 0 4 172648 0.004 1 . 5 E - 0 2 0 . 4 8 0.152 1 .2E+05 3 1. 2
0 . 0 11 2 . 5 E- 0 4 137470 0.004 1 . 1 E- 0 2 0 .4 2 0 .1 3 9 1 .1E+05 3 3 . 0
0 . 0 1 1 2. 5K- 04 106778 0.004 6 . 9 E - 0 3 0 . 3 6 0. 174 1.0E+05 3 4 . 3
0 . 0 0 9 1 . 7 E- 0 3 307066 0 . 00 3 2 . 3 E - 0 2 0 . 3 6 0 . 24 7 3.0E+05 1 9 . 9
0 . 0 1 2 2 . 8 E - 0 4 198885 0.004 1 . 2E- 02 0. 51 0 . 13 3 1.4E+05 2 7 . 3
0 . 0 1 3 2 . 9 E- 0 4 257801 0.004 1 . 8E- 02 0 . 5 7 0.112 1 .6E+05 2 5 . 4
0 . 0 3 9 5 . 6 E - 0 5 149825 0.004 7 . 5 E - 0 ' 0 . 7 6 0 . 08 7 6.9E+04 3 4. 8
0 . 0 0 8 4 . 1 E - 0 3 210643 0. 004 1 . 7E-02 0 . 1 9 0 .4 5 7 3.9E+05 1 9. 6
0 . 0 1 2 2 . 8 E- 0 4 152409 0. 004 7 . 8 E- 0 3 0 . 4 5 0 . 16 8 1.2E+05 2 8 . 6
0 . 0 0 9 1 . 7 E- 0 3 272672 0.003 1 . 9 E- 0 2 0 .3 4 0. 271 2.8E+05 2 0 . 3
0 . 0 0 9 1 . 7 E- 0 3 303322 0.003 2 . 3 E - 0 2 0 . 3 6 0 . 24 8 2.9E+05 1 9. 9
0 . 0 4 7 6 . 7 E- 0 5 182903 0. 004 1 -OE-02 0 . 7 9 0. 081 8.0E+04 3 2 . 6
0 . 0 1 3 3 . 0 E- 0 4 181987 0.004 i . OE- 02 0 . 4 9 0. 151 1.3E+05 2 7 . 5
0 . 0 1 3 2 . 9 E- 0 4 214359 0.004 1 . 3E-02 0 . 5 3 0. 132 1.4E+05 2 6. 4
0 . 0 1 3 2 . 9 E- 0 4 154380 0.004 7 . 7 E - 0 3 0 . 4 5 0 . 17 3 1 .2E+05 2 8. 3
0 . 0 1 0 1 . 8 E- 0 3 242125 0. 004 1 . 6E-02 0 .3 1 0 . 30 6 2.7E+05 2 0 . 6
0 . 0 0 9 1 . 8 E- 0 3 280490 0.003 2 . 0 E- 0 2 0 .3 4 0 . 26 9 2.9E+05 20 . 1
0 . 0 1 1 2 . 5 E- 0 4 283265 0. 003 2 . 9 E- 0 2 0 . 6 0 . 08 3 1 .6E+05 2 7 . 0
0 . 0 1 1 2 . 5E-04 249154 0.004 2 . 5 E- 0 2 0 . 5 7 0 . 09 0 1.5E+05 2 8 . 3
0 . 0 1 1 2 . 5 E- 0 4 133722 0.004 9 . 1 E- 0 3 0 . 42 0 . 15 0 1.1E+05 3 2. 2
0 . 0 1 1 2 . 5 E- 0 4 92506 0.005 4 . 9 E - 0 3 0 . 3 3 0 . 20 6 9.7E+04 34 . 2
0 . 0 0 8 1 . 8E-03 96101 0.004 5 . 1 E - 0 3 0 .1 4 0. 562 2.4E+05 2 4 . 5
0 . 0 0 8 1 . 8 E- 0 3 146849 0.004 1 . OE-02 0 . 2 0.391 2.6E+05 2 3. 6
0 . 0 1 3 2 . 8 E - 0 3 118657 0.004 7 . 5E- 03 0 . 1 7 0 . 46 0 2.4E+05 2 4 . 3
0 . 0 1 3 2 . 9 E - 0 3 94472 0.005 5 . 0 E - 0 3 0 .1 4 0 . 57 5 2.4E+05 2 4. 6
Eq50 Eq39
PHI s i g m a V s g , c E Gc r o{  gc Re (gc) f  (gc) dp / dz Fg d p / d z
g2 p s i / f t p s i / f t
8 .05 0 . 052 0 . 00155 0.82 102 1 . 2 5 1053802 0 . 0025 7 . 1E- 02 0 . 5 7 0
5. 77 0 . 0 5 3 0 . 00106 0. 68 2 8 . 9 0 . 4 39 299157 0.0034 2 . 2E- 02 0 . 1 2 8
5.61 0 . 054 0 . 00088 0.61 2 4 . 3 0 . 4 2 7 250679 0 . 0035 1 . 7E- 02 0 . 0 94
7.01 0 . 054 0 . 00068 0.51 1 9 . 6 0.441 202496 0.0037 1 . 1E-02 0 . 0 7 9
5 . 97 0 .0 57 0.00134 0.77 6 9 . 9 1 . 0 26 721962 0 . 0027 4 . 4E- 02 0 . 2 6 6
4 . 66 0 . 0 5 7 0.00092 0.63 3 0 . 7 0.612 317687 0 . 0033 1 . 8E- 02 0 . 0 8 3
3. 85 0 .0 58 0.00112 0.70 3 7 . 8 0 . 6 36 391032 0.0032 2 . 5E- 02 0 . 0 9 4
4.02 0 . 0 5 8 0 . 00068 0.51 16 .9 0 . 452 174314 0 . 0039 8 . 4E- 03 0 . 0 3 4
10.15 0 . 0 5 3 0.00117 0.71 8 3 . 7 1 . 258 864534 0.0026 5 . 0E- 02 0 . 5 0 5
5 .8 5 0 .0 57 0.00071 0.53 2 4 . 5 0 . 6 31 252844 0.0035 1 .2E-02 0 . 0 6 7
6. 56 0 .0 56 0.00122 0.73 6 4 . 5 1 . 047 666550 0.0028 3 . 8E- 02 0 . 2 4 9
6 .0 0 0 . 0 5 6 0.00134 0.77 69 .4 1 . 0 33 717415 0.0027 4 . 4E- 02 0 . 2 6 2
3. 66 0 . 0 5 9 0.00079 0.57 2 0 . 3 0 . 4 6 6 210180 0.0037 1 . 1E-02 0 . 0 41
5 .1 7 0 .0 59 0.0008 0.57 28 .2 0 . 6 3 7 291642 0.0034 1 . 5E-02 0 . 0 7 6
4.51 0 .0 59 0.00092 0.63 32 .4 0 . 6 5 334337 0.0033 1 . 8E-02 0 . 0 8 2
5.93 0 . 0 5 8 0.00068 0.52 2 4 . 5 0 . 65 252889 0 . 0035 1.1E-02 0 . 0 6 6
7. 40 0 .0 57 0 . 00105 0.67 5 8 . 9 1 . 075 609133 0 . 0028 3 . 2E-02 0 . 2 3 3
6. 49 0 .0 57 0.00122 0.73 6 5 . 5 1 . 0 5 676535 0.0028 3 . 9E-02 0 . 2 5 2
3.24 0 . 05 4 0.00158 0.83 4 2 . 3 0 . 4 69 437603 0.0031 4 . 1E- 02 0 . 1 31
3.54 0 . 05 4 0.00144 0.79 38 .4 0.451 396842 0.0031 3 . 5E-02 0 . 1 2 6
5. 87 0 .0 53 0.00081 0.58 2 3 . 3 0 . 472 241223 0 . 0036 1.4E-02 0 . 0 8 3
8. 07 0 . 05 3 0.00057 0.45 17 .0 0 . 4 8 175777 0.0039 8 . 0E- 03 0 . 0 4 0
15.09 0 . 05 2 0.0006 0.46 3 5 . 7 0 . 9 89 358498 0.0032 1.4E-G2 0 . 2 1 5
10.41 0. 052 0.00089 0.62 49 . 1 0 . 929 507332 0 . 0030 2 . 7E- 02 0 . 2 7 6
12.39 0 . 05 2 0.00075 0.55 4 2 . 5 0 . 9 48 439147 0.0031 2 . 0E-02 0 . 2 5 0
15.47 0 .0 53 0.00058 0.45 3 4 . 9 0 . 98 360731 0.0032 1.4E-02 0 . 2 14
f ( l f ) d p / d z F l PHI 
I f  2
1-Eg Eg f f / f g PHI
c2
F a c t o
0.011 2 . 1E- 04 2769 0 . 0 1 9 0. 981 1.601 2 .0 7 0 . 6 8 5
0 . 02 0 4 . 5E-05 2824 0 . 0 1 9 0.981 1 . 65 6 2 . 00 9 0 . 6 1
0 . 01 7 5 . 8E- 05 1634 0 . 0 2 5 0 .9 7 5 1.887 2 . 36 3 0 . 6 9 5
0. 014 7 . 2E- 05 1092 0 . 0 3 0 0 . 97 0 2 . 08 8 2.382 0 . 6 9
0 . 01 3 1.4E-04 1953 0 . 0 2 3 0 . 97 7 1.661 1.975 0 . 6 8
0 . 02 5 7 . 9E- 05 1040 0 .0 3 1 0 . 96 9 1.948 2 . 32 9 0 . 7 5
0.034 7 . 1E- 05 1330 0 . 0 2 7 0 . 97 3 1.815 2.234 0 . 7 7
0.081 2 . 7 E- 0 5 1239 0 . 0 2 8 0.972 1 . 86 7 1. 976 0 . 6 9 5
0 . 01 0 4 . 6E-04 1109 0 .0 3 0 0 . 97 0 1 . 97 8 2.181 0 . 7 3 5
0 . 01 9 9 . 8E- 05 691 0 . 0 3 8 0.962 2 .1 6 5 2 . 39 6 0. 71
0 . 01 3 1.7E-04 1438 0 . 0 2 6 0. 974 1.774 2 . 03 1 0 . 6 9
0 . 01 3 1 .3E-04 1955 0 . 0 2 3 0.977 1. 659 1. 956 0 . 6 8
0.108 2 . 9E-05 1424 0 . 0 2 6 0.974 1. 799 1.931 0 . 7 2
0 . 02 6 1 . IE- 04 686 0 . 0 3 8 0. 962 2 . 15 7 2 . 58 8 0 . 7 7
0 . 02 9 9 . 2E- 05 891 0 .0 3 4 0.966 1. 999 2 . 41 8 0 . 7 6
0.022 1.2E-04 565 0 . 0 4 2 0 .9 5 8 2.274 2.575 0 .7 4
0 . 01 3 2 . 5E-04 934 0 . 0 3 3 0 .9 6 7 1. 963 2.158 0 .7 1
0 . 01 3 1 .8E-04 1420 0 .0 2 7 0 . 97 3 1. 776 2 . 04 9 0 . 6 9 5
0 . 03 8 2 . 5E- 05 5196 0 . 01 4 0 . 98 6 1. 456 1.897 0 .7 2
0.032 3 . 1E- 05 4016 0 . 0 1 6 0. 984 1.531 2.009 0 . 74
0.014 5 . 6E- 05 1498 0 . 0 2 6 0.974 1.892 2.143 0 . 6 9
0 . 01 3 8 . 9E- 05 449 0 . 0 4 7 0 . 95 3 2. 647 3. 382 0 . 5 6
0 . 01 0 6 . 1E-04 353 0 . 0 5 3 0 . 94 7 2. 837 1.895 0 . 7 5
0 . 01 0 3 . 4E-04 807 0 . 0 3 5 0 . 96 5 2. 198 2.415 0 . 7 3
0 . 01 0 4 . 5E- 04 559 0 .0 4 2 0 . 95 8 2.461 2.261 0 .7 4




























F r i c
dp/dz PHI 1-Eg Eg ff/fg PHI dp/dz PHI 1-Eg Eg ff/fg PHI dp/dz PHI 1-Eg Eg ff/f PHI dp/dz a n g sinO
p3i/f If 2 c2 psi/f If 2 c2 psi/f If 2 c2 psi/ft
0. 268 1304 0.028 0.972 1 . 8 75 3 . 8 0 3 0. 269 1308 0. 028 0 . 972 1 . 87 4 3 . 795 0. 269 1306 0 . 028 0 .9 7 2 1.875 3 . 8 0. 269 90 1.00
0.061 1353 0.027 0.973 1. 948 2 . 7 6 6 0.061 1354 0.027 0 . 9 73 1 . 9 4 8 2 . 7 65 0.061 1354 0 . 0 27 0 . 9 7 3 1.949 2 .7 6 5 0.061 90 1.00
0. 053 912 0.033 0.967 2 . 1 8 7 3 . 1 66 0.053 922 0. 033 0 . 9 67 2 . 1 8 3 . 1 49 0.053 917 0 . 0 33 0 . 9 6 7 2.184 3 .1 5 7 0. 053 90 1.00
0.04 562 0. 042 0.958 2 . 5 1 6 3 . 5 76 0.04 557 0.042 0 . 9 58 2 . 5 2 3 3 . 5 96 0.04 560 0 . 04 2 0 . 9 5 8 2. 519 3.584 0.04 90 1.00
0.134 987 0. 032 0.968 1 . 9 29 3. 011 0.134 985 0.032 0 . 9 68 1 . 9 3 3 . 0 15 0.134 986 0.032 0 .9 6 8 1.93 3 . 01 3 0.134 90 1.00
0.052 650 0 . 039 0.961 2 .2 2 . 9 2 6 0.052 653 0.039 0 . 96 1 2 . 1 9 7 2 . 9 19 0. 052 652 0 . 03 9 0 . 96 1 2 . 19 8 2 .9 2 3 0.052 90 1.00
0.064 898 0 . 033 0.967 1. 992 2 . 6 2 8 0.064 908 0.033 0 . 9 6 7 1 . 9 8 7 2 . 61 6 0.064 904 0 . 03 3 0 .9 6 7 1. 989 2.621 0. 064 90 1.00
0.02 735 0.037 0.963 2 . 1 2 6 2 . 3 95 0.02 738 0.037 0 . 9 63 2 . 1 24 2.391 0.02 737 0 . 03 7 0 . 9 6 3 2 . 12 5 2 .3 9 3 0.02 90 1.00
0.24 527 0.044 0. 956 2 . 4 2 4 . 8 28 0.24 527 0.044 0 . 9 56 2 . 4 1 9 4 . 82 2 0.24 527 0. 044 0 .9 5 6 2.42 4 . 82 7 0.24 80 0 .9 8
0. 038 387 0.051 0. 949 2 . 5 58 3 . 38 0.039 399 0.050 0 . 9 50 2 . 5 3 4 3 . 31 9 0. 038 392 0.051 0 . 9 4 9 2.548 3.354 0 . 03 9 80 0 .9 8
0.124 719 0. 037 0. 963 2 . 094 3 . 2 83 0.124 720 0.037 0 . 963 2 . 0 9 3 3 . 28 0.124 719 0 . 03 7 0 . 9 6 3 2. 094 3.282 0. 124 80 0 . 9 8
0. 132 983 0.032 0. 968 1 . 929 3. 004 0.131 980 0.032 0 . 968 1 .931 3. 011 0. 132 982 0 . 03 2 0 . 9 6 8 1. 93 3 .0 0 7 0.131 80 0 .9 8
0.026 889 0.034 0. 966 2.012 2 . 2 6 6 0. 026 882 0.034 0 . 9 66 2 . 0 1 5 2.271 0. 026 885 0. 034 0 . 9 6 6 2.014 2 . 2 6 9 0.026 70 0.94
0.048 436 0. 048 0. 952 2 . 452 3 . 294 0.048 437 0.048 0. 952 2 . 4 4 9 3 . 2 88 0.048 437 0 . 04 8 0 . 95 2 2. 451 3. 291 0.048 70 0 .9 4
0.053 578 0. 042 0. 958 2 . 241 2 . 9 79 0.054 589 0.041 0 . 959 2 . 2 2 9 2.951 0. 054 583 0.041 0 .9 5 9 2.235 2.964 0.054 70 0 . 94
0. 039 332 0 . 055 0.945 2 . 663 3. 541 0.04 338 0.054 0 . 9 46 2 . 6 4 8 3 . 5 06 0. 039 334 0 . 05 5 0 .9 4 5 2 . 65 7 3 . 52 6 0.039 70 0. 94
0. 117 468 0. 046 0.954 2. 361 3 . 7 07 0.117 468 0.046 0.954 2 . 3 61 3 . 70 6 0. 117 468 0 . 04 6 0.954 2. 361 3 . 70 7 0.117 70 0 . 94
0. 127 718 0. 037 0. 963 2. 091 3. 264 0. 127 715 0.037 0 . 9 63 2 . 0 9 3 3.273 0.127 717 0 . 03 7 0 .9 6 3 2. 092 3 . 26 8 0.127 70 0 . 94
0. 086 3394 0. 017 0. 983 .• .564 2 . 142 0.087 3440 0.017 0 . 9 83 1 . 5 6 2.134 0.086 3427 0 . 01 7 0 .9 8 3 1.561 2 . 13 6 0. 087 70 0 . 94
0.082 2624 0.020 0.980 1 .<57 2 . 302 0.082 2609 0.020 0 . 9 80 1 . 6 5 9 2 . 30 6 0. 082 2614 0.020 0 . 9 8 0 1 . 65 8 2 .3 0 5 0. 082 70 0 . 94
0.044 790 0. 036 0.964 2.22b 3 . 0 48 0.043 778 0.036 0.964 2 . 2 3 7 3.074 0. 044 785 0 . 03 6 0 . 96 4 2. 232 3 .0 6 0.043 70 0 . 94
0.032 358 0. 053 0.947 2 . 8 46 3 . 9 43 0.032 357 0.053 0 . 9 47 2 . 8 4 8 3 . 94 8 0. 032 357 0 . 05 3 0 .9 4 7 2.847 3 .9 4 5 0. 032 70 0.94
0. 094 154 0. 080 0.920 3 . 7 77 6 . 5 99 0.094 154 0.081 0 . 9 19 3 . 7 7 8 6 . 60 7 0.094 154 0 . 0 80 0 . 9 2 0 3 . 77 6 6 . 59 8 0. 094 70 0.94
0.133 388 0.051 0. 949 2 . 7 28 5 . 0 45 0.134 391 0.051 0 . 9 49 2 . 7 21 5.011 0.133 389 0. 051 0 .9 4 9 2.727 5.041 0.134 70 0.94
0.115 258 0.062 0. 938 3.151 5 . 768 0.116 260 0.062 0 . 938 3 . 1 42 5 . 71 6 0.115 258 0.062 0 . 9 3 8 3. 151 5 . 76 8 0 . 11 6 70 0.94
0.094 144 0. 083 0. 917 3 . 8 85 6 . 8 33 0.094 145 0.083 0 . 9 17 3 . 8 7 3 6 . 76 8 0.094 144 0 . 08 3 0 .9 1 7 3. 887 6 . 84 6 0 . 09 5 70 0.94
S t a t  T o t ,  C a lc
ro(m d p / d z d p / d z Eg,  ex Eg ERR absE Eg e- a v E g - av E100*
p s i / f p s i / f t squ squ
2. 59 0 .0 18 0.294 0 . 9 5 0.972 0.0223 0. 022 0 .0002 0 . 0002 0 . 0235
1. 79 0 . 01 2 0.074 0 . 9 6 0 . 97 3 0.0128 0 . 01 3 0 . 0005 0 . 0002 0 . 0134
2. 07 0 . 01 4 0. 068 0 . 9 6 0 . 96 7 0.007 0.007 0 . 0005 8 . 5 E - 0 0 . 0073
2.54 0 .0 18 0.058 0 . 94 0.958 0.0177 0.018 7 . 2 E - 0 1 . 5 E - 0 0 . 0189
2.61 0 .0 18 0.154 0 . 9 2 0 . 96 8 0.0482 0.04 8 0 .0003 0 . 0001 0 . 0523
2 .5 9 0 .0 18 0.070 0 . 9 5 0.961 0.0108 0.011 0 .0002 9 . 3 E - 0 0.0114
2.32 0 .0 16 0.081 0 . 9 6 0. 967 0.0067 0.007 0 .0005 8E-05 0. 007
2.32 0 . 0 1 6 0.036 0 . 9 6 0.963 0.0032 0.003 0 . 0005 2 . 9 E - 0 0 . 0033
3.38 0 . 0 2 3 0.268 0 . 9 1 0.956 0.0464 0.046 0 . 0007 1 . 8 E - 0 0.051
3. 17 0 . 02 2 0. 060 0 . 94 0 . 94  9 0.0095 0.009 7 . 2 E - 0 6 . 9 E - 0 0.0101
2 .9 0 0 .02 0.145 0 . 9 2 0. 963 0.0427 0.043 0 . 0003 2 . 4 E - 0 0.0464
2. 62 0 .0 1 8 0.151 0 . 9 5 0. 968 0.0181 0.018 0.0002 0.0001 0. 019
2 .1 9 0. 014 0. 040 0 . 9 6 0. 966 0.0064 0.006 0 . 0005 7 . 4 E - 0 0 . 0066
3 .0 7 0. 02 0.068 0 . 9 5 0.952 0.0021 0.002 0 . 0002 3 . 2 E - 0 0 . 0023
2 .7 5 0 .0 1 8 0.072 0 . 9 7 0 . 95 9 - 0 . 01 1 0.011 0 . 0011 6 . 7 E - 0 - 0 . 0 1 2
3.42 0 . 02 2 0.062 0 . 9 5 0 . 94  5 - 0 . 0 0 5 0.005 0 . 0002 0 . 0002 - 0 . 0 0 5
3. 39 0 . 02 2 0.140 0 . 9 6 0. 954 - 0 . 0 0 6 0.006 0 . 0005 1 . 6 E - 0 - 0 . 0 0 6
2.91 0 .0 1 9 0.147 0 . 9 6 0 . 96 3 0.0026 0.003 0 . 0005 2 . 4 E - 0 0 . 0028
1.32 0 . 00 9 0.096 0 . 9 0 . 98 3 0.0829 0.083 0 . 0014 0 . 0006 0.0921
1.42 0 . 00 9 0.092 0 . 9 8 0 . 98 0 0.0004 0.000 0 . 0018 0 . 0005 0.0004
2.24 0 .0 15 0.058 0 . 94 0. 964 0.0243 0.024 7 . 2 E - 0 4 . 3 E - 0 0 . 0259
3. 10 0 .02 0.052 0 . 91 0 . 94  7 0.0371 0.037 0 . 0007 0 . 0001 0 . 0408
4.91 0 . 03 2 0.126 0 . 91 0.920 0.0095 0.01 0 . 0007 0 . 0015 0 . 0105
3. 40 0 . 02 2 0. 157 0 . 91 0.949 0.0393 0. 039 o.oou; 7 . 2 E - 0 0.0431
3 . 9 8 0 .0 26 0. 143 0 . 8 8 0.938 0.0577 0. 058 0 . 0033 0.0004 0 . 0656
5. 07 0 .0 33 0. 128 0 . 8 7 0.917 0.0466 0. 047 0 . 0045 0 . 0017 0 . 0535
AVERAGE 0. 9 37 0.958 0.022 0 . 0225
STANDAD DEVIATION 0 . 0229
DP, ex d p / d z ERR
p s i / f p s i / f t
0 . 1 73 0. 294 0. 12
0. 059 0. 074 0 . 01 5
0 . 03 5 0 . 0 68 0 . 03 3
0. 034 0 . 0 58 0.024
0. 091 0.154 0. 062
0.047 0 . 0 70 0 . 02 3
0 . 05 7 0.081 0.024
0 . 01 8 0 . 03 6 0 . 01 8
0.142 0 . 26 8 0. 126
0 . 03 5 0 . 0 60 0. 025
0. 091 0 . 1 45 0. 054
0 . 09 3 0.151 0 . 05 7
0.026 0 . 0 40 0. 014
0.047 0 . 06 8 0. 022
0. 051 0.072 0.021
0.046 0 . 06 2 0 . 01 6
0.087 0 . 1 40 0 . 05 3
0 . 09 0 . 14 7 0 . 05 8
0.067 0 . 09 6 0 .0 3
0 . 06 0 . 09 2 0. 032
0.052 0 . 05 8 0 . 00 6
0. 034 0.052 0 . 01 8
0.123 0 . 1 26 0.004
0. 09 0 . 1 57 0 . 06 7
0. 09 0 . 1 43 0 . 05 3
0 . 11 7 0 . 12 8 0.011
0.071 0 . 10933 0. 038
Dpe-av Dp-av E100%
squ squ
0.0104 0.034 0 . 6 9 4
0.0002 0.0012 0 . 2 6
0.0013 0.0017 0 . 9 4 9
0.0014 0.0026 0 . 6 9 9
0.0004 0.002 0 . 68 1
0 .0 006 0 .0015 0 . 4 8 3
0.0002 0 . 0008 0 . 4 1 6
0.0028 0 . 0053 1 . 01 1
0 .0049 0.0251 0 . 8 9
0.0013 0.0024 0 . 7 0 8
0.0004 0 . 0013 0 . 5 9
0 . 0005 0 . 0017 0 . 6 1 5
0.0021 0 . 0048 0 . 5 4 3
0 . 0006 0 . 0017 0 . 47 1
0.0004 0.0014 0 . 4 0 5
0 . 0006 0.0022 0 . 3 4 9
C.0002 0 . 0009 0 . 61 1
0 . 0003 0.0014 0 . 6 4 3
2 . 3E- 0 0.0002 0 . 4 4 7
0.0001 0 . 0003 0 . 54 4
0.0004 0 . 0026 0 .1 1 8
0.0014 0 . 0033 0 . 5 0 9
0.0026 0 .0003 0 . 03 1
0 .0003 0.0023 0 . 7 5
0 . 0003 0.0011 0 . 59 4
0.0021 0.0004 0 .0 9 8




A N N U L A R  F L O W  P R E S S U R E  D R O P  C A L C U L A T I O N — H E N S T O C K - H A N R A T T Y  E N T R A I N M E N T  C O R R E L A T I O N
Mu khe r j ee  d a t a  F l u i d :  A i r - K e r o s i n e
Vsg Vsl Vsg P T r o ( g r o (  1 Gl Gg Mu ( 1 J R e ( l )
t r a n s f t / s f t / s p s i OF l b / f t 3 l b / f t 2 . s
16 . 02 1.84 80.1 70 . 2 114 0 . 339 49.6 91.2 27 . 2 0 . 0 0 1 15003
18 . 67 0 . 36 65 .7 51 . 4 100 0.254 50.0 18.0 16 . 7 0 . 0 0 1 2519
19 . 47 0 . 36 56 .6 47 . 2 97 0. 235 50.1 18.0 13 . 3 0 . 0 0 1 2438
19 . 57 0.36 44 . 3 46 .7 95 0. 233 50.1 18.1 10 . 3 0 . 0 0 1 2385
14.44 1. 03 67 . 3 84 . 4 70 0.442 50 . 9 52.4 29 . 7 0 . 0 0 1 5193
15 . 52 0.36 50 72 .9 65 0 . 385 51 . 0 18.4 19.2 0 . 0 0 1 1719
14.91 0. 36 59.2 78.4 56 0.421 51 . 3 18.5 24 . 9 0 . 0 0 1 1557
15 .4 9 0. 09 37 . 3 72 .9 60 0. 389 51.2 4 . 6 14 . 5 0 . 0 0 1 407
16 .8 7 1.77 65 . 2 62 .9 98 0. 313 50.1 88.6 20.4 0 . 0 0 1 12118
15 .5 5 0. 36 38 .6 72 . 7 67 0.382 50.9 18.3 14 . 7 0 . 0 0 1 1757
14.52 1.03 60.8 83 . 7 75 0.434 50.7 52.2 26.4 0 . 0 0 1 5485
14 .3 8 1.03 66.4 85.4 75 0. 443 50.7 52 . 2 29.4 0 . 0 0 1 5485
1 5 . 3 0. 09 43 .6 73 .9 45 0. 406 51.6 4 . 6 17.7 0 . 0 02 343
15 . 39 0.36 44 . 1 73 . 2 48 0 . 400 51.5 18.5 17 . 6 0.002, . 1427
15 .0 1 0.36 49 .6 77 . 2 52 0. 418 51 .4 18.5 20 . 7 0 . 0 02 1483
15 . 35 0. 36 37.4 73 .9 54 0. 399 51.3 18.5 14.9 0 . 0 02 1515
14 . 66 1.03 54 . 1 81.4 62 0. 433 51.1 52.6 23.4 0 . 0 0 1 4732
14 .4 8 1.03 61 . 6 83 .7 67 0.441 51.0 52 . 5 27.1 0 . 0 0 1 4998
17.1 0.36 90 61 . 2 97 0. 305 50.1 18.0 27.4 0 . 0 0 1 2438
17 .7 2 0.36 84 . 8 56 .9 95 0.284 50.1 18.1 24.1 0 . 0 0 1 2385
18 . 4 0. 36 49 . 2 5 2 . 9 98 0. 263 50.1 18.0 12 . 9 0 . 0 0 1 2465
18 . 71 0. 36 35 .3 51 . 2 99 0.254 50.0 18.0 9 . 0 0 . 0 0 1 2492
1 8. 3 1.14 35 . 5 53 .7 109 0.262 49.7 56.7 9 . 3 0 . 0 0 1 8801
17.94 1 . 14 52 .2 55 .9 109 0.272 49.7 56.7 14.2 0 . 0 0 1 8801
18 . 32 1.14 44.2 53 .7 113 0 . 260 49.6 56 . 6 11 . 5 0 . 0 0 1 9194
18 .4 5 1.14 35.1 52 .7 101 0 . 260 50.0 57 . 0 9.1 0 . 0 0 1 8065
d = 1 . 5 0 i n Area= 0 . 0 1 2 27 f t 2
mu(g) 1 . 2E- 05
f ( l ) d p / d z F l Re (g ) f  (g) d p / d zF g X X Gsa C
p s i / f t p s i / f t
0 .007 4 . 1E- 03 280608 0 . 0 0 3 2 . 6E- 02 0 .2 3 0.372 4 .3E+05 18 . 6
0. 006 3.4E-04 172648 0 . 004 1 . 5E- 02 0 .4 8 0.152 1 .2E+05 31 . 2
0.011 2 . 5E-04 137470 0.004 1 . 1E- 02 0.42 0 . 13 9 1.1E+05 3 3. 0
0. 011 2 . 5E-04 106778 0 . 004 6 . 9E- 03 0 .3 6 0. 174 1.0E+05 3 4. 3
0.009 1 . 7E-03 307066 0 .0 03 2 . 3E- 02 0 .3 6 0 . 24 7 3 . 0E+05 19 . 9
0. 012 2.8E-04 198885 0 . 004 1 . 2E-02 0.51 0 . 13 3 1 .4E+05 2 7. 3
0.013 2.9E-04 257801 0 . 004 1 . 8E-02 0 .5 7 0. 112 1.6E+05 25 . 4
0.039 5 . 6E- 05 149825 0.004 7 .5 E- 03 0 . 7 6 0 . 08 7 6.9E+04 34 . 8
0.008 4 . 1E-03 210643 0 . 004 1 .7 E- 02 0 . 1 9 0 . 45 7 3.9E+05 19.6
0.012 2.8E-04 152409 0 . 004 7 . 8E- 03 0 .4 5 0 . 16 8 1 .2E+0J 2 8. 6
0. 009 1.7E-03 272672 0 . 0 0 3 1 . 9E- 02 0.34 0.271 2 . 8E+05 2 0 . 3
0. 009 1.7E-03 303822 0 .0 03 2 .3 E- 02 0 .3 6 0 . 24 8 2.9E+05 1 9. 9
0. 047 6.7E-05 182903 0 . 004 1 . 0E- 02 0 .7 9 0.081 8.0E+04 3 2 . 6
0.013 3.0E-04 181987 0 . 0 04 1 .0 E- 02 0 .4 9 0. 151 1.3E+05 2 7. 5
0.013 2 . 9E-04 214359 0 . 00 4 1 . 3E-02 0 .5 3 0.132 1.4E+05 26 . 4
0.013 2 . 9E-04 154380 0 . 00 4 7 .7 E- 0 3 0 . 45 0.173 1.2E+05 2 8 . 3
0.010 1 . 8E-03 242125 0 . 00 4 1 . 6E- 02 0 . 31 0 . 30 6 2.7E+05 2 0 . 6
0.009 1 . 8E-03 280490 0 . 0 03 2 .0 E- 0 2 0.34 0.269 2.9E+05 20 . 1
0.011 2.5E-04 283265 0 . 0 03 2 .9 E- 02 0 . 6 0 .0 8 3 1.6E+05 2 7 . 0
0.011 2.5E-04 249154 0 . 004 2 .5 E- 02 0 .5 7 0.090 1.5E+05 2 8. 3
0.011 2.5E-04 133722 0 . 004 9 .1 E- 03 0 . 42 0.150 1.1E+05 32 . 2
0.011 2.5E-04 92506 0 . 0 0 5 4 .9 E- 0 3 0 . 3 3 0 . 20 6 9.7E+04 34 . 2
0. 008 1 . 8E-03 96101 0 . 004 5 .1 E- 0 3 0. 14 0. 562 2.4E+05 2 4. 5
0. 008 1 .8E-03 146849 0 . 004 1 . 0E- 02 0 . 2 0.391 2.6E+05 23 . 6
0.013 2 . 8E- 03 118657 0 . 004 7 .5 E- 03 0 .1 7 0 . 46 0 2.4E+05 2 4. 3
0. 013 2 . 9E-03 54472 0 . 0 05 5 . 0 E- 0 3 0. 14 0.575 2.4E+05 2 4. 6
PHI s i gma V s g , c E Gc r o ( g c Re(gc) f  (g=) d p / d z F g
g2 p s i / f t
8 .0 5 0 . 052 0 . 00155 0 . 82 102 1.25 1053802 0 . 0 02 5 7 . 1 E- 0 2
5 . 7 7 0 . 0 53 0 . 00106 0 . 6 8 2 8 . 9 0. 439 299157 0 .0034 2 . 2 E - 0 2
5 .6 1 0. 054 0.00088 0. 61 2 4 . 3 0. 427 250679 0 . 0035 1 . 7 E - 0 2
7. 01 0. 054 0.00068 0. 51 19 .6 0.441 202496 0 . 0037 1 . 1 E - 0 2
5 . 9 7 0 . 057 0.00134 0 . 7 7 6 9 . 9 1.026 721962 0 . 0027 4 . 4 E - 0 2
4 . 6 6 0 . 057 0.00092 0 . 6 3 3 0 . 7 0.612 317687 0 . 0 03 3 1 . 8 E- 0 2
3 .8 5 0 . 058 0.00112 0 . 70 3 7 . 8 0.636 391032 0 . 0032 2 . 5 E - 0 2
4 . 0 2 0 . 058 0.00068 0.51 16 .9 0.452 174314 0 .0039 8 . 4 E - 0 3
10 .1 5 0 . 053 0.00117 0.71 8 3 . 7 1.258 864534 0 .0026 5 . 0 E - 0 2
5 . 8 5 0 . 057 0.00071 0 . 53 2 4 . 5 0.631 252844 0 .0035 1 . 2 E- 0 2
6 . 5 6 0 . 056 0.00122 0 . 73 6 4 . 5 1.047 666550 0 .0028 3 . 8 E - 0 2
6 . 0 0 0 . 056 0.00134 0 . 77 69 .4 1.033 717415 0 . 0027 4 . 4 E - 0 2
3 . 6 6 0. 059 0.00079 0 . 57 2 0 . 3 0.466 210180 0 . 0037 1 . 1 E- 0 2
5 . 1 7 0 . 059 0 . 0008 0 . 57 28 .2 0. 637 291642 0 . 0034 1 . 5 E- 0 2
4 .5 1 0 . 059 0.00092 0 . 6 3 32 . 4 0. 65 334337 0 . 0033 1 . 8 E- 0 2
5 . 9 3 0 . 058 0 . 00068 0 . 52 2 4 . 5 0. 65 252889 0 . 0035 1 . 1 E- 0 2
7 .4 0 0 . 057 0.00105 0 . 67 5 8 . 9 1.075 609133 0 . 0028 3 . 2 E - 0 2
6 . 4 9 0 . 057 0.00122 0 . 73 6 5 . 5 1.05 676535 0 . 0028 3 . 9 E- 0 2
3. 24 0.054 0.00158 0 . 83 4 2 . 3 0. 469 437603 0 . 0031 4 . 1 E - 0 2
3. 54 0. 054 0.00144 0 . 79 38 . 4 0.451 396842 0.0031 3 . 5 E - 0 2
5 .8 7 0 . 053 0.00081 0 . 58 2 3 . 3 0.472 241223 0 . 0036 1 . 4 E- 0 2
8 .0 7 0 . 053 0.00057 0 . 45 17 .0 0. 48 175777 0.0039 8 . 0 E - 0 3
15 . 09 0 . 052 0 . 0006 0 . 46 3 5 . 7 0. 989 368498 0 . 0032 1 . 4 E- 0 2
10.41 0 . 052 0 . 00089 0 . 62 49.1 0. 929 507332 0 . 0030 2 . 7 E - 0 2
12 . 39 0.052 0 . 00075 0 . 55 4 2 . 5 0.948 439147 0.0031 2 . 0 E - 0 2
15 . 47 0. 053 0 . 00058 0 . 45 34 .9 0. 98 360731 0 . 0032 1 . 4 E- 0 2
d p/ dz
p s i / f t
Ref I f f  ( i f ) d p / d z F l
0 . 570 2701 0.011 2 . 1 E- 0 4
0.128 806 0 . 0 20 4 . 5 E - 0 5
0. 094 957 0 . 01 7 5 . 8 E - 0 5
0.079 1161 0 . 014 7 . 2 E - 0 5
0. 266 1213 0 . 0 13 1 . 4E-04
0. 083 643 0 . 0 25 7 . 9 E - 0 5
0.094 470 0. 034 7 . 1 E - 0 5
0. 034 197 0 . 081 2 . 7 E - 0 5
0.505 3463 0 . 0 10 4 . 6E-04
0.067 826 0 . 019 9 . 8 E - 0 5
0.249 1483 0 . 013 1 . 7E- 04
0. 262 1283 0 . 013 1 . 3E-04
0. 041 148 0 . 108 2 . 9 E - 0 5
0.076 610 0 . 026 1 . 1E- 04
0. 082 552 0 . 029 9 . 2 E - 0 5
0 . 06 6 734 0. 022 1 . 2E-04
0.233 1540 0 . 013 2 . 5E-04
0.252 1349 0 . 013 1 . 8 E- 0 4
0.131 418 0 . 038 2 . 5 E - 0 5
0. 126 497 0. 032 3 . 1 E - 0 5
0.083 1042 0.014 5 . 6 E - 0 5
0.040 1377 0 . 013 8 . 9 E - 0 5
0.215 4710 0 . 010 6 . 1 E- 0 4
0.276 3386 0. 010 3 . 4 E- 0 4
0 . 25 0 4153 0 . 01 0 4 . 5E-04
0.214 4417 0 . 01 0 6 . 5 E- 0 4
Eq8 Eq l 3
1-Eg Eg f f / f g  PHI F a c t o  
c2
0 . 0 1 9 0 . 9 8 1 8 . 8 8 2 11 . 4 9 0 . 995
0 ,. 0 1 9 0 ,. 9 8 1 6 . 0 7 4 7 . 368 1 . 1 5
0 ,. 0 2 5 0 .. 9 7 5 7 . 0 8 9 8 . 881 1 . 2 3
0 .. 0 3 0 0 .. 9 7 0 8 . 7 0 5 9 . 932 1 . 1 5
0 .. 0 2 3 0 .. 9 7 7 8 . 9 9 6 1 0 . 7 1 . 1 2
0 .. 031 0 .. 9 6 9 7 . 7 2 2 9 . 231 1 . 4
0 .. 0 2 7 0 .. 9 7 3 6 . 8 6 3 8 . 4 47 1 . 6
0 .. 028 0 .. 972 5 . 4 9 3 5 . 812 1 . 2 5
0 .. 030 0 .. 9 7 0 1 1 . 5 3 12 . 7 1 0 . 9 7
0 .. 038 0 .. 962 9 . 4 1 6 10 . 4 2 1 . 2 5
0 .. 026 0 .. 974 9 . 5 7 10 . 9 6 1 . 0 7
0 .. 023 0 .. 977 8 . 8 5 3 10 . 4 4 1 . 1 1
0 .. 026 0 ., 974 5 . 1 9 6 5 . 577 1 . 4
0 .. 038 0 .. 962 9 . 1 8 11 . 0 1 1 . 4
0 ..034 0 .. 966 8 . 0 8 1 9 . 774 1 . 5
0 ..042 0 ., 958 1 0 . 1 8 11 . 5 3 1 . 3
0 .. 033 0 ., 967 1 1 . 3 12 .41 1 . 02
0 .. 027 0 .. 973 9 . 8 4 4 11 . 3 6 1 . 0 8
0 ..014 0 ., 986 4 . 6 1 7 6 . 015 1 . 5 7
0 .. 016 0 ..984 4 . 9 6 7 6 . 517 1 . 5 5
0 .. 026 0 .,974 7 . 5 6 5 8 . 568 1 . 1 7
0 .. 047 0 . 953 9 . 9 3 9 1 2 . 7 0 . 8 2
0 .. 053 0 ., 947 1 5 . 7 2 i 0 . 5 1 . 0 4
0 .. 035 0 ., 965 1 1 . 2 5 12 . 3 6 0 . 995
0 .. 042 0 .. 958 1 2 . 8 6 11 . 8 1 1
0 .. 055 0 ,. 945 1 6 . 6 1 11 . 1 7 1 .04
PHI



























d p / d z PHI 1-Eg Eg PHI d p / d z PHI 1-Eg Eg PHI d p / d z
p s i / f I f  2 c2 p s i / f I f  2 c2 p s i / f
0 .6 9 3354 0 . 0 17 0 . 9 83 9 . 757 0.691 3356 0 . 01 7 0 . 983 9 . 7 49 0. 69
0 . 156 3428 0 . 017 0 . 9 83 7 0.156 3427 0 . 0 17 0 . 9 83 7 0.156
0 . 133 2298 0 . 021 0 . 9 79 7. 991 0.134 2327 0.021 0 . 9 79 7 . 9 57 0.134
0.101 1401 0 . 0 27 0 . 9 73 8 . 947 0.1 1393 0 . 02 7 0 . 97 3 8 . 97 0 . 1
0.387 2843 0 . 0 19 0 . 981 8 . 687 0.386 2840 0 . 01 9 0.981 8 . 69 1 0.387
0. 14 1758 0 . 024 0 . 9 76 7.962 0.141 1777 0.024 0 . 97 6 7 . 9 35 0.141
0 . 179 2523 0 . 0 20 0 . 980 7 . 353 0.18 2540 0 . 0 20 0 . 98 0 7.34 0.18
0 . 046 1669 0. 024 0 . 976 5 . 5 89 0.047 1721 0.024 0 . 97 6 5 . 5 65 0. 04  7
0. 561 1233 0 . 0 28 0 . 972 11. 29 0.561 1233 0 . 0 28 0.972 11 . 28 0.561
0. 102 1047 0 . 031 0 . 9 69 8 . 8 73 0.102 1048 0 . 03 1 0 . 96 9 8 . 8 7 0.102
0.341 1971 0 . 0 23 0 . 977 8. 994 0.341 1972 0 . 0 2 3 0 . 9 77 8 . 9 8 9 0. 341
0. 374 2786 0 . 0 19 0 . 981 8. 551 0.374 2788 0 . 01 9 0.981 8 . 5 47 0.374
0 . 0 6 2083 0 . 0 22 0 . 978 5 . 3 47 0.06 2082 0 . 02 2 0 . 97 8 5 . 3 47 0. 06
0. 134 1211 0 . 0 29 0. 971 9.234 0.135 1226 0 . 0 29 0.971 9 . 19 4 0. 135
0. 151 1634 0 . 0 2 5 0 . 9 75 8.304 0.152 1641 0 . 0 25 0 . 97 5 8 . 2 93 0.151
0.1C8 917 0 . 0 33 0 . 9 67 9.597 0.107 915 0 . 0 33 0 . 96 7 9 . 6 06 0. 108
0 . 315 1260 0 . 0 28 0 . 972 10. 02 0.316 1265 0 . 0 28 0.972 9 . 9 8 7 0. 315
0 . 356 2010 0 . 022 0 . 9 78 9. 171 0.356 2008 0 . 02 2 0 . 97 8 9 . 1 79 0. 356
0. 225 8909 0 . 011 0 . 9 89 5 . 5 67 0.226 8940 0 . 01 1 0 . 98 9 5 . 56 4 0 . 22 5
0. 213 6805 0.012 0 . 9 88 5 . 9 76 0.212 6772 0 . 01 2 0 . 98 8 5.981 0.212
0. 11 1970 0 . 0 23 0 . 9 77 7 . 736 0.11 1975 0 . 0 23 0 . 97 7 7 . 72 9 0.11
0 . 077 875 0.034 0 . 9 66 9 . 448 0.076 855 0.034 0 . 96 6 9 . 56 C.077
0 . 186 306 0 . 0 57 0 . 9 43 13.14 0.187 307 0 . 0 57 0 . 9 43 13 . 07 0 . 18 6
0.301 881 0 . 034 0 . 966 11. 36 0.301 881 0. 034 0 . 9 66 11 . 36 0. 301
0.244 546 0 . 0 43 0 . 957 12. 16 0.245 549 0 . 04 3 0 . 95 7 12 . 09 0. 244
0.188 289 0 . 0 59 0. 941 13. 67 0. 189 290 0 . 05 9 0.941 13.61 0.183
F r i c S t a t  T o t ,  Ca
PHI 1-Eg Eg PHI d p/ dz
I f  2 c2 p s i / f t
3354 0 . 017 0 . 9 83 9 .7 5 6 0.691
3427 0 . 01 7 0 . 9 83 7 0.156
2317 0.021 0 . 9 7 9 7 . 9 6 9 0. 134
1397 0 . 02 7 0 . 9 7 3 8 . 9 6 0.1
2842 0 . 01 9 0 . 98 1 8 .6 8 8 0. 387
1771 0.024 0 . 9 7 6 7 . 9 4 3 0.141
2536 0 . 02 0 0 . 9 8 0 7 .3 4 3 0 .1 8
1714 0. 024 0 . 9 76 5 .5 6 9 0. 047
1233 0 . 02 8 0 . 97 2 11 . 29 0.561
104 8 0. 031 0 . 9 69 8 .8 7 2 0.102
1971 0 . 02 3 0 . 9 77 8 .9 9 3 0.341
2787 0 . 01 9 0.981 8 .5 4 9 0.374
2082 0.022 0 . 9 78 5 .3 4 7 0. 06
1221 0 . 02 9 0.971 9 . 2 0 8 0. 135
1639 0 . 02 5 0 . 97 5 8 .2 9 6 0.152
916 0.033 0 . 96 7 9 . 60 2 0.107
1261 0 . 02 8 0.972 10 . 01 0.316
2009 0. 022 0 . 97 8 9 .1 7 3 0 . 35 6
8935 0.011 0 . 98 9 5 . 5 64 0.225
6778 0.012 0 . 98 8 5 . 9 8 0.212
1973 0.023 0 . 9 77 7 . 73 2 0.11
865 0.034 0 . 96 6 9.501 0. 076
305 0 . 05 7 0 . 9 43 1 3 . 1 8 0. 187
881 0.034 0 . 96 6 11 . 36 0.301
546 0 . 04 3 0 . 9 57 12 .1 7 0. 245
289 0. 059 0. 941 13.71 0. 19
s i n r o ( m d p / d z d p/ dz
p s i / f p s i / f t
i . 00 2 .08 0..014 0 .723
i . 00 1 .29 0.,009 0 .166
i .00 1 .46 01.01 0 .145
i .00 1 .77 0. 012 0 .113
i .00 1 .96 0. 014 0 .405
i .00 1 .81 0. 013 0..154
i .00 1 .64 0. o n 0..193
i .00 1 .68 0. 012 0,.059
0 .98 2 .65 0. 018 0,.590
0 .98 2 .19 0. 015 0..118
0 .98 2 .17 0. 015 0..359
0 .98 1,.97 0. 013 0..392
0 .94 1 .59 0 .01 0..071
0 .94 2 .09 0. 014 0..149
0 .94 1 . 90 0. 012 0.,165
0 .94 2,.33 0. 015 0..123
0 .94 2 ..48 0. 016 0..335
0 .94 2 ,.16 0 . 014 0.,374
0 .94 0,.99 0. 006 0.,235
0 .94 1 . 05 0. 007 0.,222
0 .94 1 ..59 0 .01 0. 121
0 .94 2 ,.16 0. 014 0. 091
0 .94 3..78 0. 025 0..213
0 .94 2 ..57 0. 017 0. 321
0 .94 3..03 0 .02 0. 267






























Eg,  e x Eg ERR Eg e- a v Eg-av E100% DP, ex d p / d z ERR Dpe-av Dp-av El  00%
squ squ p s i / f p s i / f t squ squ
0 . 9 5 0 . 983 0.033 0 .000 2 9 . 3E- 0 0.0345 0 . 17 3 0 . 7 2 3 0 . 549 0.0104 0 . 2303 3 . 168
0 . 9 6 0 . 983 0.023 0 .000 5 9 . 7E- 0 0.0239 0 . 05 9 0 . 1 6 6 0. 107 0 . 0002 0 . 0059 1.811
0 . 9 6 0 . 979 0.019 0 .000 5 3 . 8E- 0 0.02 0 . 03 5 0 . 1 4 5 0.11 0 . 0013 0 . 0 09 6 3 . 1 69
0 . 94 0 . 973 0.033 7 . 2 E - 0 2 . 5E- 0 0.0354 0. 034 0 . 1 13 0 . 079 0.0014 0 . 0169 2 . 31 6
0 . 9 2 0. 981 0.061 0 .000 3 6 . 7E- 0 0.0666 0. 091 0 . 4 05 0 . 31 3 0.0004 0 . 0262 3 . 42 7
0 . 9 5 0 . 976 0.026 0 .000 2 9 . 9E- 0 0.0276 0 . 04 7 0 . 15 4 0. 107 0 . 0006 0 . 0079 2 . 26 3
0 . 9 6 0 . 980 0. 02 0 . 00 05 5E-05 0.021 0.057 0 . 1 93 0. 136 0.0002 0 . 0025 2 . 37 8
0 . 9 6 0 . 976 0.016 0 . 0005 7 . 6E- 0 0.0165 0 . 01 8 0 . 0 59 0.041 0 . 0028 0 . 0 34 2. 247
0 . 91 0.972 0. 062 0 . 0007 2 . 5E- 0 0.0676 0.142 0 . 5 9 0 0 . 44 8 0 . 0049 0 . 1 20 5 3 . 16 6
0. 94 0 . 969 0.029 7 . 2E -0 1 . 6E- 0 0. 031 0 . 03 5 0 . 1 18 0.082 0 . 0013 0 . 0157 2 . 31 9
0 . 92 0 . 977 0.057 0 . 0003 1 . 9E- 0 0.0625 0. 091 0 . 3 5 9 0 . 26 8 0.0004 0 . 0135 2 . 92 7
0 . 9 5 0.981 0. 031 0 . 0002 6 . 4E- 0 0.0327 0 . 09 3 0 . 39 2 0. 298 0 . 0005 0 . 0221 3. 192
0 . 9 6 0 . 978 0.018 0 . 0005 2 . 5E- 0 0.0188 0 . 02 6 0 . 07 1 0 . 045 0.0021 0 . 0296 1. 739
0 . 9 5 0. 971 0. 021 0 . 0002 2 . 9E- 0 0.0225 0. 04  7 0 . 1 49 0 . 1 03 0 . 0006 0 . 0088 2 . 2 05
0 . 9 7 0 . 975 0. 005 0 . 0011 4 .9E-0 0.0055 0.051 0 . 1 6 5 0 . 113 0.0004 0 . 0061 2 . 19 9
0 . 9 5 0 . 967 0.017 0 . 0002 3 . 8E- 0 0.0179 0 . 04 6 0 . 12 3 0. 077 0 . 0006 0 . 0144 1. 679
0 . 9 6 0. 972 0.012 0 . 00 05 1 . 5E- 0 0.0123 0. 087 0 . 3 35 0 . 24 8 0.0002 0 . 0084 2 . 85 3
0 . 9 6 0 . 978 0. 018 0 . 0005 2 . 1E- 0 0.0184 0 . 09 0 . 37 4 0.284 0 . 0003 0 . 0171 3 . 17 6
0 . 9 0 . 989 0. 089 0 . 0014 0.0003 0.0994 0. 067 0 . 2 35 0 . 169 2 . 3E- 0 6 . 2 E - 0 2. 532
0 . 9 8 0 . 988 0. 008 0 . 0018 0.0002 0. 008 0. 06 0 . 22 2 0. 162 0 . 0001 0 . 0004 2 . 71 8
0 . 94 0 . 977 0.037 7 . 2E -0 1 .9E-0 0.0399 0. 052 0 . 12 1 0 . 069 0.0004 0 . 0 15 1.315
0 . 91 0 . 966 0.056 0 . 00 07 5E-05 0.0615 0.034 0.091 0 . 056 0.0014 0 . 0232 1. 63
0 . 91 0. 943 0.033 0 . 00 07 0 . 0009 0. 036 0 . 123 0 . 2 13 0. 091 0 . 0026 0 . 0009 0. 739
0. 91 0. 966 0. 056 0 . 0007 4 . 6E—0 0.0619 0 . "9 0.321 0.231 0.0003 0.0061 2 . 573
0 . 8 8 0 . 9 57 0. 077 0 . 0033 0.0003 0.0877 0. 09 0 . 2 67 0. 177 0.0003 0 . 0006 1.974
0 . 8 7 0. 941 0.071 0 . 00 45 0.001 0.0818 0 . 117 0 . 2 16 0 . 0 99 0.0021 0 . 0007 0 . 849
0 . 9 3 7 0 . 9 73 0. 036 0.0389 0.071 0 . 24298 0. 172 2 . 329
STANDAD DEVIATION 0.0217 0 . 1 16
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